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ABSTRACT

Bambara groundnut (BGN) is a nutritious, multi-stress-tolerant legume with potential to enhance food and
nutrition security across Africa, particularly in regions vulnerable to climate change and resource scarcity. Its
ability to thrive in harsh environments while providing a rich source of protein and essential nutrients makes it
an invaluable crop for sustainable agriculture. Despite its proven resilience and benefits, BGN remains over-
looked in mainstream agricultural development and research, leaving its full potential untapped. This study
evaluated recombinant inbred lines (RILs) derived from hybridization of four genetically diverse parental lines to
identify superior genotypes. This research aims to pinpoint elite lines with potential for enhancing future BGN
breeding programs, focusing on key agro-morphological traits. The experiment followed a 90 x 5 augmented
design, incorporating 21 check lines. Trait measurements adhered to the descriptors provided by the Interna-
tional Plant Genetic Resources Institute. Data analysis included analysis of variance (ANOVA), Pearson corre-
lation coefficient, Principal Component Analysis (PCA) and diversity indices. Quantitative morphological traits
(days to 50 % emergence (DE), days to 50 % flowering (DFF), internode length (IL), plant height (pH), and
petiole length (PL)) exhibited significant variability among genotypes (p < 0.001). Multivariate analysis indi-
cated that the first three principal components (PCs), each with eigenvalues > 1, accounted for 80 % of the total
variance. Key correlations include strong positive relationships between DE and DFF (r = 0.85; p = 0.017), pH (r
= 0.75; p = 0.021) and PL (r = 0.75; p = 0.027). Petiole length was positively correlated with DFF (r = 0.89; p =
0.01) and pH (r = 0.86; p = 0.011). Grain yield per plot (GY) and grain yield per plant (GYP) varied significantly,
which aided classification into four groups, namely: A (high-yielding g), B (moderately high yielding), C
(moderate yielding) and D (low yielding). A total of 19 genotypes including; IITA686/LunT-419-324, S19/
Ankpa4-339-266, IITA686/LunT-348-271, S19/Ankpa4-50-43, S19/Ankpa4-234-197, PONG-BR, S19/
Ankpa4-1-1 and S19/Ankpa4-151-129 were grouped as high-yielding. The significant genotypic differences
observed across most quantitative traits confirm the presence of sufficient genetic diversity, highlighting BGN’s
potential for selection and genetic enhancement.
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A. Ruzive et al.

Introduction

Bambara groundnut (BGN) (Vigna subterranea L. Verdc), a herba-
ceous annual legume of the Fabaceae family, holds significant promise
as a resilient and nutritious crop (Mandizvo and Odindo, 2019). Its
precise origin remains debated, though it is generally believed to have
emerged in West and Southern Africa (Hepper, 1963; Temegne et al.,
2018). Bambara groundnut is a crucial plant-based protein source,
particularly for rural populations with limited access to animal protein
(Drechsel et al., 2001). Additionally, it serves as animal fodder (Bbebe,
2019), a nutraceutical resource (Udeh et al., 2020), and an important
source of income for women in rural areas (Mubaiwa et al., 2016). BGN
thrives in poor soils and under drought conditions, providing a sus-
tainable option for marginal environments where other crops often fail
(Hillocks et al., 2012; Kunene et al., 2022).

Global interest in BGN has grown in recent years, driven by its po-
tential to contribute to climate-resilient agriculture and food security
(Mabhaudhi et al., 2019; Olanrewaju et al., 2021). However, despite its
agronomic and economic importance, BGN remains underutilized and
neglected, primarily due to historically limited research and develop-
ment investment. Compared to major staple crops such as maize, rice,
and wheat, BGN has received minimal attention in breeding, genomics,
and genetic improvement (Halimi et al., 2019; Hillocks et al., 2012).

This landscape is changing; several recent initiatives have been
launched to accelerate BGN research and improvement. These include:
(i) the Vision for Adapted Crops and Soils (VACS) initiative (Herrick
et al., 2024), which promotes breeding and adaptation of resilient crops;
(ii) the Kirkhouse Trust (KT), which has supported genomics-assisted
breeding and marker development for BGN (Canales Holzeis et al.,
2024); and (iii) the BamBREED project, which is driving breeding pro-
grammes, genomic resource development, and phenotyping efforts
across Africa (Mateva et al., 2023; Mohammed et al., 2023). Further-
more, recent advances in molecular markers, high-throughput pheno-
typing, and transcriptomics have provided new tools for dissecting the
genetic architecture of key traits in BGN (Molosiwa et al., 2015; Uba
et al., 2023).

Morphological characterization remains a critical foundation for
describing and classifying genetic diversity, especially in crops like BGN,
where molecular tools are still being optimized (Dar et al., 2022;
Muhammad et al., 2020). Agro-morphological markers offer valuable
means for identifying desirable gene combinations, supporting the
development of improved cultivars tailored to diverse agro-ecological
zones (Gbaguidi et al., 2018; Glaszmann et al., 2010; Uba et al., 2021).

However, breeding BGN presents challenges due to its complex floral
biology and pollination constraints. The species exhibits cleistogamy,
with flowers self-pollinating before opening (Kafoutchoni et al., 2021),
and the short flower lifespan (24-48 h) further limits opportunities for
artificial hybridization (Onwubiko et al., 2011; Suwanprasert et al.,
2006). In addition, the small, delicate floral structures make emascula-
tion difficult.

Recent breakthroughs, such as Gao’s successful artificial hybridiza-
tion at the University of Nottingham (Gao, 2021), have opened new
possibilities for targeted breeding. Developing structured populations
and segregating lines enables more rigorous genetic studies and trait
improvement (Mohammed et al., 2023; Molosiwa et al., 2015). Simi-
larly, the University of Nottingham’s efforts in creating F2 bi-parental
populations from diverse origins—including IITA-686 (Tanzania) x
Tiga Nicuru (Mali) and S19-3 (Namibia) x DodR (Tanzania)—have
provided valuable resources for enhancing genetic gain in BGN (Gao,
2021).

In this context of renewed global interest and expanding research
capacity, this study evaluates the agro-morphological diversity of re-
combinant inbred lines (RILs) derived from four pure BGN lines. The
primary objectives are to assess the true breeding lines’ performance and
identify promising candidates for future breeding programmes. By
characterizing this diversity, the study aims to contribute to the genetic
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improvement and sustainable use of BGN, thereby supporting food se-
curity and climate-resilient agriculture in developing regions.

Materials and methods
Study site, planting material and experimental design

The study was conducted at the Ukulinga Research Farm in Pie-
termaritzburg, South Africa (30° 24'S, 29 °24'E). The area is charac-
terised by hot summers and mild winters, with a mean annual
temperature of 18.4 °C and an annual rainfall of 680 mm. A total of 346
Fs recombinant inbred lines (RILs) and 21 check genotypes, including
the four parents (S19, ANKPA 4, IITA686 and Lun T) (Table 1), were
evaluated in an augmented randomised complete block design (RCBD)
laid out in five blocks. Each block contained 69 unreplicated RILs, while
all 21 checks were replicated across all blocks. This resulted in 90 plots
per block and 450 plots in total. The design allowed for estimating
experimental error based on replicated checks, while test entries
remained unreplicated. The RILs were developed from the crosses of
four parents at the University of Nottingham in 2018, which were
advanced to F3 and sent to the University of KwaZulu-Natal (UKZN) in
2019. The F3 families were advanced using the single-seed descent
method from the F3 to the F5 generations.

Trial management

Both chemical and manual weed management were carried out at
two-week intervals from planting. Pests and diseases were routinely
managed by spraying karate Zeon (lambda-cyhalothrin) pesticide and
copper oxychloride fungicides until the plants reached physiological
maturity.

Data collection

Eight quantitative (Table 2) and three qualitative (Table 3) traits
were observed for agro-morphological characterisation during the
different stages of growth and development, based on the BGN de-
scriptors established by the International Plant Genetic Resources
Institute (Resources and Agriculture, 2000).

Qualitative morphological traits considered were grouped into (i)
growth habit, (ii) terminal leaf shape and (iii) terminal leaf colour traits,
and each group was represented by a different character state (Table 3).
Each genotype was scored for the most frequent character state.

Data analysis

The frequency distribution and Shannon diversity index were
calculated for the qualitative traits. The Shannon index (H’) was used to
calculate the genetic diversity index of each trait by using the following
equation (Shannon, 1948):

H=- ipi In pi
i=1

pi: the proportion (n/N); N: number of species found in population N; In: a natural logarithm

Analysis of variance for an augmented block design was carried out

Table 1
Bambara groundnut landraces used as parental lines for developing the RILs
used in the study.

Genotype Geographic coordinates Location

ANKPA 4 7.24° N, 7.38° E Ankpa, Nigeria
IITA686 6.10° S, 35.46° E Tanzania

LUNT 8.29° N, 13.14° W Lungi, Siera Leone
S19 22.33°S,17.04° E Namibia
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Table 4
Frequency of phenotypic traits studied among 365 genotypes.

Table 2
Quantitative traits observed and their brief description and codes.

Quantitative Acronym Unit Procedure

trait(s) (s) (s)

Days to DE days The number of days from

emergency planting to the appearance
of the first leaf on the soil
surface.

Days to 50 % DFF days The number of days from

flowering emergence to when 50 % of
the plants have started
flowering.

Internode IL cm The average length of the

elongation 4th internode was
randomly selected from the
five longest stems at ten
weeks.

Plant height pH cm The height of the main
stalk, from the surface to
the tip of the main panicle.

Petiole length PL cm The average length of three
leaves at the 4th node of
the five healthy plants at
10 weeks.

Canopy width CW cm The average widest length
between two opposite
points of five plants at 10
weeks.

Grain yield GY g The weight of dried seeds
at 12 % moisture per plot

Grain yield per GYP g The total weight of dried

plot seeds at 12 % moisture per
plant
Table 3
Qualitative traits observed and descriptor codes.
Qualitative trait Code Measurement
Growth habit GH 1-bunch type
2-semi-bunch
3-spreading type
Terminal leaf shape TLS 1-round
2-oval
3-lanceolate
4-elliptic
Terminal leaf colour TLC 1-green
2-red
3-purple

using Rstudio software Version 4.1.3. Morphological quantitative traits
that indicated a significant variation were subjected to a Principal
Component Analysis Procedure (PRINCOMP) by using a correlation
matrix to define the trait variation patterns using XLSTAT software
(Data Analysis and Statistical Solution for Microsoft Excel, Addinsoft,
Paris, France, 2022). PCs with eigenvalues > 1 were selected to define
the agronomic and morphological trait variation among the accessions.

Results
Frequency distribution for qualitative traits

The three morphological descriptors determined plant variations
among the studied BGN genotypes. Table 4 shows the qualitative traits,
their variations, and their frequencies. The results showed that 58.5 % of
the studied BGN genotypes have a bunch-type growth habit, 18.8 %
have a semi-bunch-type habit, and 22.6 % have a spreading-type habit.
Among the BGN genotypes, 32.8 % had round terminal leaflets, 40.1 %
had an oval shape, 3.3 % had a lanceolate shape, and 23.7 % had an
elliptic shape.
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Trait(s) Variables Frequency ( %)
Growth habit Bunch type 58.5
Semi-bunch type 18.8
Spreading type 22.6
Terminal leaflet shape Round 32.8
Oval 40.1
Lanceolate 3.3
Elliptic 23.7
Terminal leaflet colour Green 96.7
Purple 3.3

Shannon-Weiner diversity index

The level of phenotypic variation of qualitative traits was estimated
using the Shannon diversity index (H’), ranging from 0.2 to 1.19, with a
mean of 0.78, indicating a high diversity (Table 5). The terminal leaf
shape showed the highest diversity, while the terminal leaf colour
showed the least variation.

Analysis of variance

The analysis of variance showed significant differences among the
studied genotypes (checks + inbred lines) (p < 0.05) (Table 6). A sig-
nificant block effect was observed in the days to emergence, the plant
height, the grain yield per plant and the plot (1.5 m single row); how-
ever, the block effect was not significant p > 0.05 in canopy width, days
to flowering and internode length. The results showed a significant
difference between the checks and the tests for most traits, except for the
canopy width.

Days to emergence ranged from 12 to 23 days (Fig. 1). The highest
DE were recorded in IITA686/LunT-257-216, IITA686/LunT-341-268
and S19/Ankpa4-130-112 while the least DE were recorded in S19/
Ankpa4-232-195, S19/Ankpa4-239-202, S19/Ankpa4-25-21 and
S$19/Anpa4-109-90 (Table 7). The highest DFF (83 days) were recorded
in IITA686/LunT-407-317, IITA686/LunT-421-326, IITA686/LunT-
434-337 and S19/Ankpa4-36-31, while the least DFF (47 days) was
recorded in IITA686/LunT-280-228 and S19/Ankpa4-239-202.

Internode length (IL) ranged from 0.3 to 5.6 cm. The highest IL (5.6
cm) was recorded in S19/Ankpa4-77-67 and the lowest (0.3 cm) in
S$19/Ankpa4-89-102. The highest pH (34 cm) was recorded in S19/
Ankpa4-36-31, followed by IITA686/LunT-344-269 and IITA686/
LunT-356-277 (33 cm). The lowest pH (16 cm) was recorded in
IITA686/LunT-280-228 and IITA686/LunT-283-229 (Table 7). Petiole
length and canopy width ranged from 5.03 to 26.03 cm and 23 to 63 cm,
respectively (Table 7 and Fig. 1).

Grain yield per plot (GY) ranged from 2.60 to 132.60 g plot’!, while
grain yield per plant (GYP) ranged from 0.34 to 48.53 g plant™ (Fig. 1).
The violin shapes illustrate the data distribution and density, while the
black box plots represent the interquartile range (IQR), with white dots
marking the median values (Fig. 1). Differences in distributions across
traits indicate varying degrees of variability within the BGN population.

Correlation analysis

Red ellipses represent positive correlations, while negative

Table 5
Shannon-Weiner diversity indices of the phenotypic traits of BGN genotypes.

Trait Shannon-Weiner index (H’)

Growth habit 0.96
Terminal leaflet shape 1.19
Terminal leaflet colour 0.201
Average diversity index 0.78




A. Ruzive et al.

South African Journal of Botany 185 (2025) 315-330

Table 6

Mean squares from the Analysis of Variance of augmented RCBD for eight parameters of Bambara groundnut genotypes.
Source of variation d.f Ccw DE DF 1L pH PL GY GYP
Check 20 109.77™* 44.73%* 382.95%* 5.99%* 37.19%* 88.72%* 2701.8** 179.19%*
Test vs check 1 17.29™° 86.46** 780.68** 4.59%* 48.11** 383.01** 9773.59%* 691.61**
Test (RILs) 345 113.6™° 10.2** 98.65** 9.24%* 10.35%* 22.1%* 696.66** 50.5™°
Block 4 26.44™° 3.00%* 19.57™¢ 0.74™° 5.99* 6.26™° 7814** 528.73**
Residual (Error) 82 105.25 2.69 18.3 0.46 2.2 5.52 806.75 51.76
Total 449 - - - - - - - -

CW: canopy width; DE: days to emergence; DF: days to 50 % flowering; IL: internode length; PH: plant height; PL: petiole length; GCV: genotypic coefficient of
variation; PCV: phenotypic coefficient of variation; n.s: non-significance p > 0.05; **: indicates a significance p < 0.05; d.f: degrees of freedom

140

120

100

Range

20

1.94

DE DFF IL

PH

| [ | I
PL GY GYP

Measured quantitative traits

Fig. 1. Violin plots depicting the distribution of various agronomic traits in the studied population. DE: days to emergence, DFF: days to 50 % flowering, IL: internode
length, pH: plant height, PL: petiole length, CW: canopy width, GY: grain yield, GYP: grain yield per plot.

correlations are depicted in blue, with the colour’s intensity corre-
sponding to the correlation’s magnitude (Fig. 2a). Diagonal cells contain
the value 1, indicating perfect self-correlation. The heatmap colour scale
on the right ranges from —1.0 (strong -ve correlation) to 1.0 (strong +ve
correlation). Key correlations include strong positive relationships be-
tween DE and DFF (r = 0.85; p = 0.017), pH (r = 0.75; p = 0.021) and PL
(r = 0.75; p = 0.027). Petiole length was positively correlated with DFF
(r=0.89; p =0.01) and pH (r = 0.86; p = 0.011). Internode length was
negatively correlated with DE (r = —0.23; p = 0.048) and DFF (r =
—0.24; p = 0.05) (Fig. 2a).

The circular chord diagram (CCD) effectively visualizes the complex
interrelationships among traits (Fig. 2b). Red chords represent positive
correlations, while blue chords represent negative correlations,
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indicating an inverse relationship between traits. The colour intensity
reflects the strength of the correlation. Darker colours suggest stronger
correlations, while lighter colours indicate weaker relationships. Thick
red chords between DE and DFF indicate a strong positive relationship,
while thin blue chords between IL and other traits indicate weaker
negative correlations. Fig. 2b reveals key developmental and produc-
tivity patterns, with significant +ve correlations among phenological
and growth traits and weaker or inverse relationships for structural
traits like internode length. These insights can guide breeders and re-
searchers in optimizing multi-trait selection strategies.
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Table 7

Mean values growth and yield parameters of 365 Bambara groundnut genotypes.
Genotype DE (days) DFF (days) 1L (cm) PH (cm) PL (cm) CW (cm) GY (g plot™) GYP (g plant™)
100SB16ANAM-C 13.47% 55.gHIKL 2.54FGH! 22.6% 11.83% 41.8st"VWYZ 65.28hijkimno 18.18™
20ACC118CIVB 20.6abcd 72.6klmn 2.32H I1JK 26.4ikl 16.430}) 39.2 wxyzABC 17.211m1nlo1p1q1rlslt1u1v1w1xlylzlAlBlClDlElFl 6.2J1K1L1M1N1c1P101R1$1T1U1
ANKPA4 21 Sab 77 2cdefgh 2 78CDEFG 23 8tuv 18 63]k 43 2rstuvw 7 6D1E1FIGIH111J1 3 06n20 2p2q2r2s2t2
BURKINA 15.gefghiik 58.GEFGHI 4,17opars 22.8WX 9.43CP 41.65tUvWryZA 7. 6P1EIFIGIH1ILI1 4,4b2c2d2e2f2g2h2i2j2k212
DIP-C 21.42bc 78_4bcde 1.58STYY 282¢g 19,2381 49.4iklmn0 34.SKLMNOPQRSTUVWXYZalblcldlelflgl 11.6HUKLMNOPQRSTUV
DODR 19, gabedef 71.glmnop o, gHIJKL 95.210P 14.63st™ 42, 4rgtavwx 97.9VWXYZalblcldlelflglhliljlklliminlo1plql 8.66PLalrlsltlulviwl
EXSOCOTO 18.2bcdefgh 66.6qrsluvwxyz 2.36HIJK 23‘8tuv 14'435tuv 42.8rstuvw 36‘SHIJKLMNOPQRSTUVWXYZalblcldl 10‘34XYZa1b1c1dlelf1glhliljl
GHC37105 22.6% 80.6°> 0.86 g™ 29.8° 22.83¢ 40, 21vwxyzAB 54.4°ParstuvwxyzAB 14.54rs"""
IITA686 22.2% 792bede 3.24%78 29.8° 19.838h 37.27ABCDEFG 52,gParstuvwxyzABCDE 17.5mn0
IITA686/LunT-257-216 23° goabed 0.9 g'ht 29f 21.03f 25°PQ 63.441Kimnop 16.87"°P
IITA686,/LunT-258-217 158hijk 5GHIKL 2.8CDEFG 29% 8.03F 45oparst gC1PIEIFIGIH1I1J1 3.37k212m2n202p2q2r2
IITA686,/LunT-259-218 1 58hijk 57GHIIK 9 gCDEFG 297 10.03€ 34DFGHL 5 gF1GIH1ILI1 3. gh2i2i2k212m2n2,2p2q2
HTA686/LUHT-2607219 Zoabcde 72klmno 0.9 g1h1 26lm 1303x 51hijklm 30.6PQRSTUVWXYZa1blcldlelflglhliljlkl 7‘82w1><1ylzlA1B1C1D1E1F1G1
[ITA686,/LunT-261-220 Zoabcde 72klmno 3.5uvwxy 261m 14.03Y 54efghi 42, 6BCPEFGHIJKLMNOP 10 82RSTUVWXYZalblcldlel
IITA686,/LunT-262-221 1 gabedefg G9nopar 9. GEFGHI 25P4 12.03% 51 hijklm 98.6STUVWXYZalblcldlelflglhliljlkllimlnl 10.02b1d1lelf1gihliljikl
HTA686/LUHT-2647222 17defghij 6OCDEFGH 1 1WYZa1b1c1d1e1f1g1h1 23wx 8 03E 32HIJKL 13 32u1w1 x1y1z1A1B1C1D1E1F1G1H1I1J1 10 6TVWXYZa1h1c1dlelf1
IITA686/LunT-265-223 20°bede 70™"°Pd 2.7PEFeH 25P4 14.03" 44amstav 5,657 GIHIILIL 2,5502221202v2
IITA686/LunT-266-224 2(?bede 70mn°Pd 2,17KMN 2579 15.03st 56¢defs 3.44M01 2,67P2a2r2s2(2u2v2
IITA686,/LunT-269-225 1 7defghij 63ZABCD 3.75tvW 24t 10.03€ 35CDEFGHI 35,51 VKLMNOPQRSTUVWXYZalblcldlel 9.93ilk1limlinlolplqlrisitiulvl
HTAGSG/LUHT-2717226 17defghij GOCDEFGH 3.9qrstu 24[ 1303x 26NOPQ 7.44D1E1F1G1H111J1 4.07 g2h2i2j2k2l2m2n2
HTAGSG/LUHT—274—227 121( 490PQRS 5.2de 18E 603G 38xyzABCD 27.51VWXYZalblcld1elflglhliljlklllmlnlolpl 6.5311J1K1L1M1N101P1
IITA686,/LunT-280-228 1 7defghij 47PQ8 3, guvwxy 16 6.03¢ 43w 97.51VWXYZalblcldlelflglhliljlklliminlo1pl 6.53/1J1KILIMIN1o1P1
HTAGSG/LUHT-2837229 12k 490PQRS 5 2de 16G 5 03H 63a 27 51VWXYZalblcldlelflglhliljlklllmlnlo1p1 6 53H111J1K1L1M1N101P1
IITAGSG/LUHT—284—230 14hijk 54JKLMN 4 shijk]mn 24[ 7 03F 40uvwxyzAB 13 53t1ulwl><lylzlAlBlchlElFlGlHlIlJl 5 54N101P1Q1R151T1U1V1W1lelZlaZbZ
HTAGSG/LL[HT-289—231 14hijk SSIJKLM 37]) 221 10.03C 56cdcfg 20.4i1jlklllmlnlg1p1q1r151t1u1v1w1xlylzlAlBlCl 5.8M1NlolPlQlRISlTlUIVlwl><1YlZl
IITA686/LunT-291-232 2(3bede 711mnop 2.9BCPEF 26 15.03st 2gHMNOP 6.91 F1FIGIHIILIL 1.9412v2w2x2
ITA686/LunT-292-233 22° 7gPedef 2.2 28¢g 19.03 51hikim 44,91Y7ABCDEFGHIIKIM 11.447KLMNOPQRSTUVIX
HTAGSG/LL[HT—293—234 Zzab 793bcdc 3.9qrstu 29f 2003 g 57bcdcf 15.47p1qlrlslllulv1w1xlylzlAlBlClDlElFlGlHlIl 11.35KLMNOPQRSTUVWXYZ
HTA686/L111’1T-2957235 14hijk 53KLMNO 4 Sefghi 21A 7 03F 36BCDEFGH 25 532a1b1d1e1f1g1h1iljlklllmlnlolplqlrlsltlul 12 84ZABCDEFG
HTAGBG/LUHT-2967236 22ab 79abcde 1 4TUVWXY 28 g 19 O3J 52ghijkl 29 44QRSTUVWXYZalblc1dlelﬂglhliljlklll 6 57H111J1K1L1M1Nlol
HTAGSG/LUHT-297—237 2labcd 77cdefghi 2.5FGHIJ 26lm 19.031‘ 29KLMNO 10.91y1zlAlBlClDlElFlGlHlIlJl 5.94M1Nlo1P1QlRlSlT1U1V1W1><l
HTA686/L111’1T-298—238 2Oabcde 711mn0p 3 zxyzABC 26lm 15.03st 38xyzABCD 10 91ylzlAlBlchlElFlGlHHlJl 3.94 g2h2i2j2k212m2n202
IITA686/LunT-300-239 17defehi 7gbedef 1.gMNOPQRST 28 g 19.03 5(ikimn 62.6/7KImnopa 12,52PEFGHIKILM
ITA686/LunT-301-240 212 76%efEhik 2.8PFFG 27" 10.03¢ 63 59,53 Imnoparstu 13.84VW07AB
HTA686/L111'1T-302—241 14hijk 54JKLMN 4.6ghijklm 20C 603G 49klmnop 27.51VWXYZalblcldlelflglhliljlklllmlnlg1p1 6.53H111J1K1L1M1N101P1
IITA686,/LunT-303-242 13k 5LMNO 4. gefehi 21A 8.03E 4glmnopq 99,51 QRSTUVWXYZalblcldlelflglhliljlkill 8.53alrlsltlulviwlxlylzl
ITA686/LunT-305-243 22° 7g°bede 2KTMNOPQ 30° 22.03° 321K 58,6/mnoparsiuY 20.024
HTA686/L111'1T-306—244 13jk 51MNOP 4.9defgh 20C 703F SgwxyzABC 8.6C1D1E1F1G1H1HJ1 3.3212m2n202p2q2r2
HTA686/L11HT-3097245 14hijk SSIJKLM 4 6ghijklm 21A 8 03E 58bcde 22 glflglhliljlklllmlnlo1p1q1r151t1u1v1w1 x1ylzl 7 24C1D1E1F1G1H1[1J1K1L1
ITA686/LunT-310-246 16°fEhik 561KL 2.9PCPEF 21* 8.03" 25°70 39.7FGHIKLMNOPQRSTUY 14.84rs'
ITA686/LunT-312-247 158"k 561K 4.68MkIm 227 10.03¢ 34PreHY 49,51 "WV X*ABCDEFG 17.53™°
IITA686,/LunT-313-248 1 gabedefg G9nopar 3,1Y7ABCD 254 14.03" 632 9.44B1C1DIEIF1GIH1ILI1 77.371z1A1B1CIDIEIF1GIH1ILI1
IITA686,/LunT-314-249 1 gabedefy 69nopar 3ABCDE 24t 13.03* 46nopars 9.53B1C1DIEIF1GIHIILI1 1.34W2x2y222A2
IITA686/LunT-316-250 19abcdefg 68°Pars 0,9b1g1h1 24t 18.03k1 481mnopq 6‘91E1FlGlH111J1 ].94‘2u2v2w2><2
IITA686,/LunT-318-251 1 58hiik 57GHUK 1.3UVWXYZalbl 23wx 12.03% 54¢fghi 5 g4F1G1HIILIL 1.53V2w2x2y2z2
IITA686,/LunT-319-252 9abede 70™nopq 9.1IKLMN 297 14.03" 5gedefs 95.8%a1bldlelflglhliljlklliminlo1plqirisitiul 7.43%1y121A1BI1CIDI1EIF1G1H1I1
IITA686/LUHT-3207253 23a Slabc 1‘4TUVWXY 30e 22'03e 37ABCDEFG 6‘91E1F1G1H1HJ1 ].94‘2u2v2w2><2
IITA686/LunT-321-254 174¢f8hij 62ABCDEF 3.8rs'"" 24 13.03* 612 53,51 0 ParstuvwxyzABC 19.53!
IITA686/LunT-322-255 zzab 79abcde 1 SMNOPQRST 23wx 21 03f 40uvwxyzAB 18 91k111m1n1c1p1q1rlslt1ulv1w1xlylzlAlBlClDlEl 5 94M1Nlo1P1Q1R151T1U1V1W1><1
HTAGSG/LUHT-3247256 22ab 78bcdef 2 SCDEFG 29f 19 03] 51hijklm 24 6b1dlelflglhliljlklllmlnlolplqlrlsltlulvlwl 6 3211J1K1L1M1NlolPlQlklslTlUl
[ITA686,/LunT-326-257 16efghiik 5QPEFGHI 4parst 23wx 12.03% 449rstuv 39,51 FGHIUKLMNOPQRSTUV 10.53VWXYZalblcldlelfigl
IITA686,/LunT-327-258 1 gbedefgh 6515tV WRyzAB 1,3UYWXYZalblcl 24t 12.03% 250PQ 30.91°PQRSTUVWXYZalblcldlelflglhliljlkl 9.94dlelflgihliljlkill
IITA686/LunT—330—259 lsbcdefgh 78bcdef 2 2IJKLM 29f 21 03f 43rstuvw 45, 44wxyzABCDEFGHIJK 7 77w1><1ylzlA1B1C1D1E1F1G1
HTAGSG/LUHT-332*260 Zzab 78bcdef 2 1JKLMN 28 g 19 03J 41tuvwxyzA 15 6plqlrlslllulvlw1xlylzlAlBlClDlElFlGlHlIl 4 84WlleIZlaZb2c2d2e2f2g2
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Table 7 (continued)

Genotype DE (days) DFF (days) 1L (cm) PH (
|TAGS6/LunT-333261 e — _ cm) PL (cm) CW (cm) GY (g plot™) -
IITA686/LunT-334-262 ik 3 47180 20° - GYP (g plant™)
334 15g“u 5GHIKL KLMNOPQ . 12.03 47 tuvwxyzA 97.51VWXVZalblcldlelflglhliljlkiliminlolpl

IITA686/LunT-335-263 14hiik 55UKLM 1 7NPORSTU 20 10.03¢ 44ty 19.53i1k111mInlo1plqlrlslilulviwl x1y1z1A1B1CL 6.53 I ALININ. 171
[ITA686/LunT-337-264 16°fehiik 5QPEFGHI 4Znopqrs 22° 7.03" 38XYZABCD 31.51NOPQRSTUVWXYZalblcldlelfl lh);il'l o 14.84rs!
IITA686/LunT-338-265 20°cde 70™nopa uvwy 2 11.037 41 32‘6MNOPQRSTUVWXYZalb1c1dlelﬂglhmj 19.5%
IITA686/LunT-340-267 137 5NOPQRS ?Z;‘ng 257 13.03% 3g*XyZABCD ]].9><lylzlAll31ClDlElFlGlHlIlJl ) 8.3 1stuIVIWL Xy IZIALBICE
IITA686/LunT-341-268 232 gpabed 1.6QSTUV 18° 6.03¢ 33GHUK 27.51VWXYZalblcldlelflglhlilj1k111m1n1 o1 4.7Y121a2b2c2d2e2(2g2h2
LITA686/LunT-344-269 23° goab o.ghl 31! 22.03° 307K 59,4 4Kmnoparstu o 6.53HHIDIALIMING 171

N . b - CDEFGHLJ
E:ggg;}iﬁﬂ:ijgjm 17iefghu 60CDEFGH 3 4vwxyzA 2;” let.OBB 37:;;?13“6 26.91WX¥Zalbleldlelflglhliljlkilimlnlo1plqlrl El;i;izlq““ I

71 12 79abede 3,81t A .03 52 17.8!1m1nlo1plqlrisltlulvlwlx1y1z1A1BICIDIETF1
IITA686/LunT-350-272 13k 5LMNO 4‘ efghi 30 22.03¢ 44arstuy 76.6€ 8.4alr1s1tlulviwlx1y1z1A1B1C1
IITA686/LunT-351-273 1gabedefg 68°Pars 3.2XyzABC 25P4 6.03° 47mnopar 27‘51VWXYZalbICld1elflglhliljlklllmln] 1p1 19.321
IITA686/LunT-352-274 1 gbedefgh 645VWxyzABC 4i3qm 25P4 16.03P4 612 31‘51NOPQRSTUVWXYZalblcldlelﬂ 1h1i1'°1 P 6.53H111JIKILIMINIo 1P1
IITA686/LunT-353-275 gQabede omnopa 4ABCDE 23Wx 12.03% 57 hijkim s 9'1  DIELFIGIHIILIL ginlily g.53a1r1s1tlulviwl x1y1z1
IITA686/LunT-354-276 23° goebed 2 gacorr 257 10.03° 36BCPEFGH 20 53QRSTUVWXYZalbleldlelflglh1iljikill 3.94 gPhaiziciminz.2
ITA686,/LunT-356-277 233 gge 3~9uvwxy 30¢ 22.03¢ pp— 5 éClDlElFlGlHan] J g.5301rIs1tlulviwl x1ylzl
IITA686/LunT-357-278 1 gabedefs p— 3-5yzABCD 33° 23.03¢ g7mmnopar 26 EXYZalbleldlel MgIhliL Ikl mInto 1pigirist 5.32P1VIVIWLI¥IZlazbicdzes
[ITA686/LunT-359-279 22 77¢defghi 3.1qrstu 28 g 14.03" 32HIKL 36.91HUKLMNOPQRSTUVWXYZalblcldol re 9.32 glititkiliminiolplqirisicl
IITA686,/LunT-360-280 1 gabedefs gonopar 3»9 o o77hi 17.03" 4gimnopa 15 o1 WXy IATBICIDIEIFIGIHIIN 11.94CHUKLMNOPQR
IITA686/LunT-362-281 17defehii 2ABCDEF 3-72':““ 25Pd 14.03" Pram— 50‘53rStUVWXyZABCDEF 3.04 g2h2i2i2k212m2n202
IITA686/LunT-363-282 9(3bede 77 mnop Z.QBCDEF 23" 11.03% 4glmnopq 29.SBQRSTUVWXYZalblCldlelﬂglhlil‘1k111 7,847 XIVIZIAIBICIDIELFIGE
IITA686/LunT-364-283 12 Zomnopa 2‘9UKLM 257 14.03 54efzhi 27.51VWXYZalblCldlelflglhliljlklllr:ﬂn] 1p1 6.341IKILIMING IPLQIRISTION
IITA686/LunT-365-284 29ab Jgabede Z-ZJKLMN 257 14.03 43¢5 16‘21"101P1q1115111UIv1w1x1y1z1A131c1;1£1F1G S
1ITA686/LunT-366-285 158hik Jgbede 2';HUKL 290 21.03f 26NOPQ 18.11"11"101P1q1rlsltlulvlw1x1y1z1A151C1D1ElFll N
ITAG86/LunT-370-288 2o 2 2700 26™ 15,095t PR eos1 o 48.53"
ITA 686/LunT-370:289 iiabcde 77:1:Zgh1 3.4VWxyzA b 12:03? glIJKLMY 16.91™1nlo1plqlrlslilulviwl x1ylz1A1B1CIDIELF1G1 4. 6 4Y1Z1a2b2c2d2e2(2g2h2i2
70 Pq 3.1Y7ABCD 1 54, 6°ParstuvwxyzAB
IITA686/LunT-373-290 12k -pcdefghi 5 QBCDEF 257 16.03% 63° 0.75BICIDIEIFIGIHIILIL 13.86V2AB
ITA686/LunT-374-291 2gabede e — et 20°¢ 8.03% 29KLMNO 10.6771AIBLCIDIEIFIGIHIILIL 4.8271Y171a2b2c202e20282
IITA686/LunT-375-292 16°f8hiik 57GHIK 4.3imnopa 26" 15.03st 47 tuvwxyzA 24.9131bldlelﬂglhliljlklllmlnlo1p1 1rlsitlul 2.84:2p2z2302
IITA686/LunT-377-293 14hilk 5gFGHII ~3a 22° 11.03° 5ikimn 33.51KLMNOPQRSTUVWXYZalblcldlelzl 1h1 e 6441 HALIMIN L TIQIASTIIOY
IITA686,/LunT-378-294 o7abed seighiki ;‘-iGHUK 23" 11.03" 4gkimnop o fm 12.43FFGHUKLMN
IITA686/LunT-379-295 2220 gp2bed 3'1YZABCD 27 15.03st 4pm0Pars 12.6‘”1 x1y1z1A1B1C1D1EIF1G1H1I11J1 ' g.53tristlulviwlylzt
[ITA686/LunT-381-296 1gabedefs 6goPars 3'2XyzABC 20f 20.03 g 632 56. Pp— 7.3271C1DIEIFIGIHIILIIKL
IITA686,/LunT-384-297 17defehi 1 BCDEFG 4. gt 257 13.03* 63" 20,51 QRSTUVWXYZableldlellgh1ijiiiiL 11.93GHTIANNOFOR
IITA686/LunT-385-298 158hiik 57GHUK 4' 3imnopa 24! 12.03* 41 tuvwRyzA 1 8.711{111“1111101p1q1r151t1u1v1w1><1 Jm,\mm g.5arisuiviml Iyt
IITA686/LunT-386-299 22% gabede o 1JKLMN 22 8.03" 37ABCDERG 29.51QRSTUVWXYZalblcldlelﬂglhlii"lkul o 5551 IPIQIRISTTIVIVIWL (11212202
IITA686/LunT-386-300 174efghij 63VZABCD 3'1 uvw 28¢g 19.03’ 33GHIK 58,6 mnoparstuy ! 5.53N1o1PLQIRISITIUIVIWI x1Y1Z1a2b2c2
IITA686/LunT-387-301 17defghij 6OCDEFGH 0.7lsl§clg1h1 23™ 12.03%* 47mnopar 43.44ZABCDEFGHIJKLMN 20.02
IITA686/LunT-388-302 158hilk 57GHIIK 4~9hijklmn 23" 12.03" 63* 25.44Zalb1dlelf1glh1i1j1k111m1n1 1plqlirisitl 16.07%4
IITAG86/LunT-389-303 23° pup - 22° 10.03° 3g/7ABCD 13‘53‘1‘11wl><lylzlAlBlclmElpl(;)lHPl?l;lS . L —
[ITA686/LunT-390-304 1 4hijk 53KLMNO jpifsst 31 24.03° 34PFGHU 41.51CDEFGHIJKLMNOPQ 0.44"2
IITA686/LunT-392-305 938 g 1 6QRSTOV 20¢ 7.03F 33GHIK 55'53nopqrsmvwxyz 11.23°PQRSTUVWXYZalb1
IITA686/LunT-394-306 gebede - R 30° 21.03f 43rs™vW 12,61 *1y171ATBICIDIEIFIGIHIILIL 8.84!minlolplalrisiituiviwl
IITA686/LunT-395-307 Qabede 79klmno Sgefg 261"‘ 12.03%% 57 hijkim 8 45CIDIEIFIGIHIILL 7.3971A1CIDIEIF1GIHIIJ1K1
IITA686/LunT-396-308 g(@2bede 7(Qmnopa 1 3UVWXYZalblcldlel 26™ 15.03st 43rs™W 17.8g!1minlo1plqlrisltiulviwlx1ylz1 AlBICIDIEIF1 2,072
IITA686/LunT-397-309 1 7defghij 62ABCDEF 1. TUVWXY 2574 14.03" 607> 31.51NOPQRSTUVWXYZalblcldlelflglhliljl 4,841 71a2b2c2d2e30282
1ITA686/LunT-398-310 230 goabed O'Sblcmgml 24! 10,03 26NOFQ 35,57 UKLMNOPQRSTUVWXYZalbleldiel J L
IITA686/LunT-399-311 1 58hijk g12be 2'9BCDEF 30° 22.03° 43rstuvW 45, 44W<YZABCDEFGHIIK 10.53VWXYZalblcldlelflgl
1ITA686/LunT-400-312 1 gbedefgh 7Parstuy 3~ . 314 22.03¢ 632 16.06c1plq1rlslt1u1v1w1 x1y1z1A1B1CIDIEIF1G 25.37!
IITA686/LunT-402-313 17defghij 62ABCDEF 4‘Sefghi 23" 11.03% 2gLMNOP 26.91WXYZalblCldlelflglhliljlklllmlnl 1p1 ! 6,021 MINTo IPTQIRISITIUIVIWE
IITA686/LunT-403-314 9(abede 73ijkimn 0': i 24st 12.03"* 37ABCDEFG 22‘6 1h1i1j1k111m1nlo1p1q1rlslt1u1v1w: Xpl TTA 11.94STANROPOR
IITA686/LunT-403-315 177defghij 60CDEFGH Z'SF%HU 26" 12.03* 3HIKL = 3FIGIHILL yiil 8.02"1w1x1y12lAIBICIDIEL
[ITA686/LunT-404-316 232 goabed 4'4ik]m“op 23:”‘ 20.03 g 32HIKL 6;1. 44hijkimnop 0.34"2
30 19.03 450Parst 16,380 1p1qlrlsltlulvlwl x1y1z1A1BICIDIEIF1G1 ;7731\74‘::: 1P1QIRISITIUIVIW1 X 1Y1Z1.
. ° x a2
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Table 7 (continued)

Genotype
HTAGZ: DE (days) DFF (days) 1L (em) B
: cm
IITA686;EEE¥.4O7:317 23 83° 2, GEFGHI . oL tem) CW (cm) GY (g plot™)
408-318 1 7defghij 61 BCDEFG R 31 22.03¢ vw GYP (g plant™)
IITA686,/LunT-411-319 1ok S shniim 3,1Y7ABCD 23w 11' i 43rs 8.86C1D1EIFIGIHIILIL
ITA686/LunT-412-320 1gbedefgh N VwxyzABC 265! 27M 17'03no 7o 37.44CHIJKLMNOPQRSTUVWXYZa1 5.32P1QIUIVIW1x1Y1Z1a2b2c2d2e2f2
IITA686/LunT-415-321 158hilk 64;%;“ 3.6 24st 1 z'osyz 47:‘““[ 37HIJKLMNOPQRSTUVWXYZalb1 8.17°1t1ulvIwlx1y1zIAIBICL
IITA686/LunT-416-322 19k ‘26mpqr 1.6QRSTUV A . 602 87 BCDEFG 27,51 VWKYZalbleldlelflgIh1iljlkilm1nlo1p1 11.37KLMNOPQRSTUVWXY
[ITA686/LunT-417-323 Lydetshi 9adeE 3,177ABCD 250 1-2 3 . 48L“D:[“0pq 73.53¢fghi 6.53H111J1KILIMINIo 1P1
1ITA686/LunT-419-324 Lgabedets 79 2.2 28 20'03 258 4601 25.54
IITA686/LunT-420-325 17defghij GSBCDEFG 3.3 24st 1 2'03y§ aqam 24, 6P1d1elflglhliljlkllimlnlolplqlirisitlulviwl E ——
IITA686,/LunT-421-326 038 gla 3,9XYZABC 3w 12,g3yz 3QWxyzABC 73.53¢fEhi 4.92V1W1x1Y1Z1a2b2c2d2e2f2g2
IITA686/LunT-422-327 938 szabcd 2.7PEFCH 30t 19-0;_ 45:’:;“ 17 53!1minle1pllrisltlulviwl «1ylzl ALBICIDIELF1 17.34™0°
IITA686/LunT-423-328 158hiik e 07" 30° 99 05° 567" 10.32A1BICIDIEIFIGIHINIL 3.34k212m2n202p2q2r2
IITA686/LunT-426-329 207bede 7 1mnop 46800 21 7 632 50;:" 12,91 "1x1y1z1A1BICIDIEIF1GIH1ILJ1 4,53b2c2d2e202g2h2i2j2k2
IITA686/LunT-427-330 16efehiik - 4,1"opars 2gm 1-5 et SGBCD’;FGH 15.53plalrlsltlulvlwl x1y1z1A1BICIDIEIFIGIH1IL 7.94W1x1y1z1A1B1CIDIEIF1
IITA686/LunT-428-331 1gabedefy abe 3,99rstu o 16. Eqr 36kl 44,971 *YZABCDEFGHIKLM 12.847ABCDEFG
ITA686/LunT-429-332 5o 81adee 0.gbleldlelglhl 30° 22.03de 4gkimnop 40.06FCHIKLMNOPQRSTU 11,44 KLMNOPQRSTUVWX
IITA686/LunT-430-333 ogebede 79mmpq QKLVMNOPQ 20f 17'03“ 56°:efg 97,51 YWXYZalblcldlelflglhliljlkilminio1p1 14.02st"™"
IITA686,/LunT-431-334 Sgbede 70klmm . gHIJKL 2500 . .03 5godefs 10.06B1C1DIEIF1GIHIILIL 6.53H1I1JIKILIMINIo1P1
IITA686/LunT-432-335 22 7zcdefghi 2.8CPEFG 26m 15'03“ 43rs™ 6.91 FIFIGIHIILIL 4.02 g?h2i2k2I2m2n202
IITA686,/LunT-433-336 — 77BCDEFG 2. 3HIKL 8¢ 13 '0322 393XyZABC 31,51 NOPQRSTUVWXYZalblcldlelflgihliljl 1.gqizuavanza
ITA686/LunT-434-337 237 61a 2.86PEF8 23X 1 '033 34Prany 10.671A1BICIDIEIF1GIHIILI1 10.53VWXvZatblcldlelfigl
ITA686,/LunT-436-338 -~ 83HUKL 3‘1.y2ABCD 32 21.03b 28:1Y[NOP 48.91]VWxyzABCDEFGH 6.3211/1KILIMINIo 1P1QIR1SITIUL
IITA686/LunT-437-339 232 56abcd 4.41Kimnop 997 13'83(3 51hfj_:jm 30.91°PORSTUVWXYZalblcldlelflgihliljikl 22,94
TITA686,/LunT-438-340 ggebede s(l)lm,,p 3,815t a1 12-0;1 517 18,91 111mIn1 1p1q1rlsTelul viwl x1y1z1ATB1CIDIEL 7,94 X IVIIATBICIDIEIFL
IITA686/LunT-439-341 9qabed defghilk 2.8CDEFG S6im 15- 33AB 44,81 *V2ABCDEFGHUKLM 7.94W1x1y1z1A1B1CI1DIEIF1
1ITA686/LunT-440-342 140k 7 o 3.29A5¢ 27 1 e . 15.44" 10,37 ab el dlelisIntint
IITA686/LunT-441-343 213bcd 53cdefghij 478 24st 98'03 49klmmp 13.3741W1x1y1z1AIBICIDIEIFIGIHIILI1 23.77"
ITA686/LunT-442-344 23° 771mn0p 2370 28 g 1'03 ij 49w 6.91FIF1G1H1ILIL 4.3202¢202g2h2i2j2k212m2
IITA686/LunT-443-345 13k 71LMN o 2.9BCPEF ot 19.03 33;“”K 19.44/1K111m1n1o1p1qlrlsltlulviwl < 1y1z1A1BICIDIEL Logazane®
IITA686/LunT-444-346 Lgabedefs o2 4. 214 SS'OESt 27'more 16,91 ™16 1p1a1r1s11u1vIw <1y121 ATBICIDIEIFIGL 8,07Vl ¥IylzIALBICIDL
KANO2 17.4<defghi 68 ABCDE 3,1Y7ABCD p— 1-03 26NOPQ 10.6#1A1B1CIDIEIF1G1H1ILJ1 6.94P1EIF1GIHIIJIKILIML
KENYACAPSTONE 22.2ab 62.4abc 3.42VWXyZ st 12.033 632 ) 71.51fEhi 4,02 g?h2i2i2k212m2n202
LUNT 20:6abcd go'éhijklm 1.84MNOPQRS 314 21.83cr 49.giikimn 7.37PIEIFIGIHIIII 15.33%
MOQ-4 20,6 3.4efghijkl 3.067ABCD 05,6 15.43qs 38,8WxyzABC 35 44VUKLMNOPQRSTUVWXY Za1blcldlel 1 3.88 g2h2i%2k2I2m2n2,2
NAV4 19.8adecr 74.81mn0 4.3imnopa 26!m 1 .231mn 37.6VZABCDEFG 1° tPlalrisltlulviwlx1ylz1A1B1CIDIEIF1GIHL 13.37W2ABCDER
PONG-BR 21;@1 71 _4ﬂ]ijklm 3.2?(yzABc SR 17.63tv 47.8Mnopa 47,2VWKyZABCDEFGHIJ 5.46N101P1QIRISITIUIVIWI x1Y1Z1a2b2c2d2
PONG-CR 4 gk Z:IgVnyzABCD 4. 4iKimnop o 2‘11.22& 39.4"W:1ZCABC 93.9e1f1g1h1i1j1k111m1nlo1plqlrisltlulviwl x1y1 12,1 CHUKEMNOP
519 19.6bedef 71imnop 406774 26" 17.83klm 3o 96.2¢ 7.7W1x1y121A1BICIDIEIF1G1
$19/Ankpa4-100-87 15k oy 5.16% 22,27 1383 37~6y:’:‘:1°"“‘3 16 g1t PIGIAISTAUTVIW X111 ATBICIDIEFIGE 26.48°
$19/Ankpa4-101-88 13k NG 3.8rs™ 297 o (; > 52.C2Dg i 61, 2ikimnoparst 6.66G1HITIJIKILIMINI
$19/Ankpad—102-89 13k 52KLMNO 4,3lmnopg 20¢ 7-03F 35CDEFGHL 61.6/kImnopar 19.76!
$19/Ankpa4-103-90 17defzni 53 i o, 7/DEFGH 20° 8.03’5 445 45, 0XY?ABCDEFGHIJKL 15.024%
$19/Ankpa4-104-91 15ehiik 603de 1.6QRSTUV 2ast 1. 3 i 47mnopar 26.6XYZalbleldlel flglhliljlklliminlo1plqlrisl 17.52mno
$19/Ankpa4—106-92 Lt 80ABCDEF 3.5uvwxy 29t 2‘21.03de 450:111‘5( 7.39DIEIFIGIHIILII 6.82F151H111J1K1L1Ml
$19/Ankpa4-108-93 158hik 62cdefghij 5 23" 11 .033 562 o 44.252ABCDEFGHLIKLM 3,42i2k212m2n202p2q2r2
$19/Ankpa4-10-9 135k 77 o 3.6 28 h '03i,- 35CPEFGHI 26,91 WXYZalbleldlel gIh1ilj1k1mlnto1p1qirl 13.66""y2ARCD
$19/Ankpa4-1-1 9 Szabcd 4parst ol 9-03 29KLMNO 04, gP1d1efgINIiTKITmInto 1plqirisitiulviw 8.64p1aIrIs1AUIVIWL XL
$19/Ankpa4—110-94 gbede Solmmp 0.8 g™ o7hii ?'03 v 29I(LMN° 38, EFGHUKLMNOPQRSTUVWX 6.32!1JIKILIMINIo 1P1QIRISITIUL
$19/Ankpad-11-10 etz 71CDEFGH o gCDEFG e 2,()3no 4gmnopq 83 448 7.79W1x1y1z1A1B1CID1EIF1G1H1
$19/Ankpad-111— defghij 60 4.gefeh i 17.03 47mnopar 57.3gmnoparstuvw 29.37¢
P 95 17¢08m 61BCDEFG NOPQRST! 23 12.03" 3QWXyZABC 738 !
$19/Ankpa4-112-96 17defzhii (ABCDEF 1.7 u 23w 1003 O 18.44X111m1n11p1q1r1s]1ulviwl x1y1z1AIBICIDIEL 19.41
$19/Ankpa4-113-97 1 4hijk KLM 2.4CHIK st To0C 26 15,43P1a1rIs1tlulvIwl x1y121A1BICIDIEIFIGIH1IL 8.9k ttminteIplglrlsitiulviwl
$19/Ankpad-114-98 L4k SSVWZABCD . gHUKL 25009 11.03AB 43rstvVW 18.91K111mInlo1plqlrlsltlulviwl x1ylz1A1B1CID1EL 3.74 gzh2i2j2k2l2m2n202p2
$19/Ankpa4-115-99 Qabede 63mn0pq 3.6MVWx 24st 1 2'03yz 46"0P9 68.6Ehiikim 13.94st"VWxy2
$19/Ankpa4-116-100 e ZOCDEFGH 3.27ARC Samoa 16.8313(1' 43[r\s;"w 56, GropastvwY 5.goMINIGIPLQIRISITIUIVIWI X1Y1
0 4.8efehi 93w : :Fa 37ABCDEFG 14.9191r1s1tlulviwl x1ylz1A1BICIDIEIF1GIH1I1LJ1 14.32rs™7
7.03 29KLMNO 30.88° PORSTUVWXYZalblcldlelflglhliljiki 5.94M NI IP1QIRISTTIUIVIWLL
10.32XYZalblcldlelflglhliljl

(continued on next page)
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Table 7 (continued)

Genotype DE (days) DFF (days) IL (cm) PH (cm) PL (cm) CW (cm) GY (g plot™) GYP (g plant™)
$19/Ankpa4-117-101 9pabed 7gdefehijk 3.5uvwxy o7hii 16.03P9 43rstvW 8.84C1PIEIF1GIHIILI1 4.88V1W1x1Y1Z1a2b2c2d2e2f2g2
$19/Ankpa4-120-103 g(abede 70mnopa 3,1Y2ABCD 2510Pq 10.03¢ 5 4¢fghil 11.68*1y1z1A1BICIDIEIFIGIH1IL]1 3,37i2k212m2n202p2q2r2
$19/Ankpa4-12-11 99ab 7gabede 1.gMNOPQRST 29f 21.03f 3oHUKL 8.6C1DIEIFIGIH1ILI 5.30P1QIR1UTVIWL x1Y1Z1a2b2c2d2e2f2
$19/Ankpa4-122-104 97abed 77cdefghij 3.5Uvwxy 28 g 20.038" 53fghijk 31,51 NOPQRSTUVWXYZalblcldlelflglhliljl 10.53VWXYZalblcldlelflgl
$19/Ankpa4-123-105 17defehii 63VWXZABCD 2,9BCPEF 24st 10.03¢ 55defeh 66.91 ghijkimn 21.94
$19/Ankpa4-124-106 2(3bede 70mnoPd 2.17KIMN 25"°P4 14.03" 4glmnopq 43.447ABCDEFGHIKLMN 16.07P4
$19/Ankpad-125-107 99ab 77cdefghij o, gHIKL 28g 19.03Y 3GBCDEFGH 14.6t1s1t1u1vIw1 x1y1z1A1B1CIDIEIF1GIHIILI1 5.39P1QIRISIUIVIWI x1Y1Z1a2b2c2d2e2f2
$19/Ankpa4-126-108 1 7defghij 63VWXyzABCD 3.8rst 24st 13.03% 3gXyZABCD 47 .441VWxyzABCDEFGHI 10.17Y%alblcldlelflglhliljl
$19/Ankpa4-127-109 97abed 5GHIJKL 3.4VWxyzZA 24st 11.037B 5ikimn 95, 447a1b1d1elf1g1h1ilj1k1lIm1n1o 1plqlrlsitiul 7.37y1z1A1B1CIDIEIF1GIH1ILJ1
$19/Ankpa4-128-110 1 4hijk 54JKLMN 3,1Y2ABCD 992 11.037B 26NOPQ 8.45C1D1EIF1GIHIILI1 3.77 gh2i2izkalzm2n2o 2p2
S19/Ankpa4-129-111 13k 52LMNO 4.778hijkl 20¢ 8.03F 34PFGHII 13.4411w1x1y1z1A1BICIDIEIF1GIHIILI1 6.07IMIN1o1P1QIRISITIUIV1
$19/Ankpa4-130-112 932 goabed 1Yblcldlelflgiht 8¢ 23.03¢ 97MNOPQ 92,6 glhliljilklllminlolplqirisltlulviwlx1ylz1Al 12,32FGHIJKLMNO
S19/Ankpa4-131-113 1 58hijk 5QNOPQRS 5.gde 19P 6.036 61> 97,51 VWX YZalbleldlelflglhliljlkllimlnlo1pl 6.53H1I1JIKILIMINTo1P1
Sl9/Ankpa4—1 3-12 21abcd 731jklmn 3.6mvwx 27hij 18.03“ ZSQPQ 59‘53klmnopqrstu 13‘84mvwxyzAB
$19/Ankpa4-133-114 99ab 7gbedef .4GHUK 29f 20.038h 25°PQ 28,91 RSTUVWXYZalblcldlelflglhliljikilim1 1.04t2u2v2w2x2
$19/Ankpa4-134-115 9(2bede 7Qmnorq 3.4VWxyZA 2510Pd 14.03Y 4gklmnop 63.531klmnop 10.44VWXYZalblcldlelfigihlil
$19/Ankpa4-136-116 17defghij 60CPEFGH 5.1def 9gwx 12.03%% 51 hijkim 96.6XYZalbleldlelflglhliljlkiliminlo1plqlrlsl 6.82F1GIHIIJIKILIML
$19/Ankpad-137-117 17defghij 6(CDEFGH 3.8rs™ 93wx 12.03"% 4gkimnop 7.44PIEIFIGIHIILI 4.07 gPhaizizkaizmznz
$19/Ankpa4-138-118 1 7defghij 60CDEFGH 3.garstu 93wx 11.037B 5oghiikl 97 53VWXYZalblcldlelflglhliljlklliminlo1pl 10.14Za1blcldlelflglhliljl
$19/Ankpa4-139-119 1gabedefg 6goparst 1.9VWXYZalbleldlelflgl 9510p4 14.03" 56cdefs 99.44QRSTUVWXYZalblcldlelflglhliljlklil 6.57H111JIKILIMINIo1
$19/Ankpad-140-120 1 gPedefzh 65rstuvwxyzAB 0.7M 24st 13.03% 632 31,51 NOPQRSTUVWXYZalblcldlelflglhliljl 8.53a1rls1tlulviwl x1y1z1A1
$19/Ankpa4-141-121 2230 792bede 3.3WzAB 28 g 20.03%" 43rs™vW 48,6 VWXYZABCDEFGH 16.62°P
$19/Ankpa4-14-13 16¢fehijk 5QDEFGHI 1.4TUVWXY 93wx 11.037B 44arstuv 6.91 E1FIGIH1ILIL 1.9412u2v2w2x2
$19/Ankpad-142-122 14hik 57CHUK 4,3!mnopd 22 10.03¢ 57bedef 94.6° 32.02°
S19/Ankpa4-143-123 233 gp2bed 1.6QRSTUV 29f 20.038" 3GBCDEFGH 41,51 CPEFGHIJKLMNOPQ 11.23°PQRSTUVWXYZalblcl
$19/Ankpa4-145-124 1 7defghij 61BCDEFG 3.8rst 93wx 11.037B 37UKLM 16.91™1n101plqlrlsltlulviwl x1y121A1B1CIDIEIF1G1 6.94P1EIFIGIHIIIJIKILIM1
$19/Ankpad-146-125 9(3bede 7(Q™mnopd 3ABCDE 25n0Pq 15.03st 54¢fghii 40, 6EFGHIUKLMNOPQRST 3,19M2n202p2q2r2s2
Sl9/Ankpa4—l47—1 26 14hijk 56HIJKL 1‘4TUVWXY 221 1003C 26NOPQ 12.91w1><lylzlAlBlClDlElFlGlHlIlJl 4.94V1WllelZlaZb262d2e2f2g2
S19/Ankpa4-148-127 20°bede 70™noPd 2,9BCDEF 257°Pd 14.03" 4glmnopa 2.6 2,32r25202u2v2w2
$19/Ankpad-150-128 1 7defghij 74fghijkim 1.6QRSTUV o7hii 12.03%% 57bedef 35,51 KLMNOPQRSTUVWXYZalblcldlel 9.23i1k11Im1n1o1plqlrisltiulvl
$19/Ankpa4-151-129 13k 5QNOPQRS 5.19¢f 19° 6.03¢ 32HUKL 70.68hik 17.82™"
$19/Ankpa4-15-14 13k 5QNOPQRS 0.8 gih! 19P 6.036 55defeh 13.44u1w1x1y1z1A1BICIDIEIF1GIHIILI1 4.37b2c2d2e212g2h2i2j2k212
$19/Ankpa4-152-130 ggabede 771mnop 3zABCDE 26im 12.03%% 56cdefe 30.91°PQRSTUVWXYZalblcldlelflglhliljlkl 9.94d1e1f1gIhliljlk1Il
Sl9/Ankpa4—1547131 lsghijk 56HIJKL 3.94rstu 297 9.03D 34DEFGHIJ 24.91albldlelflglhliljlklllmlnlclplqlrlsltlulvlwl 10‘94PRSTUVWXYZa1b1c1d1e1
Sl9/Ankpa4—156—132 16cfghijk SSFGHIJ 5.2dc 23Wx 10_03c 37ABCDEFG 33.51KLMNOPQRSTUVWXYZalblcldlclflglhl 12.53DEFGHIJKL
$19/Ankpa4-157-133 1 pef8hijk 5QDEFGHL 4parst 29ov2 13.03% 4glmnopq 39,1 5FGHIJKLMNOPQRSTUVWX 11.77GHUKLMNOPQRST
$19/Ankpad-158-134 1efehijk 5QDEFGHI 4.3Imnopq 24st 12.03%% 440rstuv 99,51 QRSTUVWXYZalblcldlelflglhliljiklil 8.53q!1s111uIvIw1X1y121A1B1
$19/Ankpa4-159-135 13k 52LMNO gdefg 20¢ 8.03F 5gedefs 28,91 RSTUVWXYZalblcldlelflglhliljikilim1 9.94i1k11Imlnlo1plqirisitiul
$19/Ankpa4-161-136 ggabede 7711mnop o, 7DEFGH 26!m 15.03st g7bedef 48,97 UWxyZABCDEFGH 10.34XYZalblcldlelflglhliljl
$19/Ankpa4-16-15 ggabede 7oklmno 1.6QRSTUV 26im 15.03st 3gXYZABCD 18.91k111m1nlo1plqlrisltlulviwl x1y1z1A1BICIDIEL 7.94W1x1y1z1A1BICIDIEIF1
$19/Ankpad-162-137 1 4hijk 53KLMNO 0.gblcldlelflgihl 19P 7.03F 9gLMNOP 42,971 BCDEFGHIJKLMNOP 10.94PRSTUVWXYZalbleldlel
$19/Ankpa4-163-138 9Qabede 771 mnop .QBCDEF 26'm 15.03st 43tV 10.671A1B1CIDIEIFIGIHIILI1 4.02 g2h2i2i2k2i2m2n202
$19/Ankpa4-164-139 15ehik 5QNOPORS 4.99¢feh 19° 6.03¢ 25°FQ 43,22ABCDEFGHLIKLMNO 12.77%BCDEFGH
$19/Ankpad-165-140 1 7defghij 60CDEFGH 1.9VWXYZalbleldlelflgl 93wx 12.03"% 37ABCDEFG 33,37KLMNOPQRSTUVWXYZalblcldlelflglhl 13,72tuvwxyzABC
$19/Ankpa4-167-141 174efghij 60CPEFCH 2,3HVKL 23"* 9.03° 34DEFGHLI 6.91E1F1G1H1ILI 1.9412u2v2w2x2
$19/Ankpa4-170-142 1 7defghij 61BCDEFG o GEFGHI 93wx 12.03%% 44rstuv 22.6 glhlilitkillminlelplalrisitiulviwl xlylzlAL g.39r1s1t1ulviwlx1ylz1A1BICL
$19/Ankpad-171-143 99ab goabed 0.9blcldlelflglhl 20f 20.038h 47mnopar 33,51 KLMNOPQRSTUVWXYZalblcldlelflglhl 0.53f181h1i1jlk1lIm1n1o1plqlrl
Sl9/Ankpa4—17—16 Zoabcde 7llmnop LleYZalblcldlelflglhl 261m 15.03st 56<:defg 26‘91WXYZalblcldlelflglhliljlklllmlnlolplqlrl 8.64p1qlrlsltlulv1w1xl
S19/Ankpa4-172-144 20°bede 73hijkimn 4,68MKIm 26'™ 17.03"° 53fghiik 62.91Kimnop 7.94W1¥1y1z1ALBICIDIEIFL
$19/Ankpa4-173-145 1 4hiik 54JKLMN 3. guvwx 99z 8.03F 34DEFGHII 97.44VWXYZalbleldlelflglhliljlkiliminlo1pl 10.67STVWXYZalblcldlelfl
$19/Ankpad-175-146 1 7defghij 61BCDEFG 3.garstu 93wx 11.03%B gLMNOP 30.91°PORSTUVWXYZalblcldlelflglhliljlkl 9.94d1elf1gIhliljlk1ll
S19/Ankpa4-176-147 16°f8hik 5QPEFGHI 3.7t 227 11.03® 43rs™W 4] PEFGHIKLMNOPQRS 10.32XY7alblcldlelflglihliljl
S19/Ankpa4-177-148 12k 50NOPQRS 3.3WxyzAB 26!m 6.03¢ 37ABCDEFG 21.53P1i1j1k111mInlo1plqirlsltiulviwl x1y1z1A1B1 8.68°1p1alrlsltlulviwl
$19/Ankpad-178-149 1 7defghij 62ABCDEF 3,5uvwxy 24st 12.03%% 3GBCDEFGH 15.53P1alr1s1t1ulviwl x1y1z1A1B1CIDIEIF1GIH1IL 6.14K1L1IMINIo1P1QIRISITIUL
Sl9/Ankpa4—l79—1 50 17defghij 61BCDEFG 3‘9qrstu 23wx 1203yz 38xyzABCD 33‘51KLMNOPQRSTUVWXYZalblcldlelflglhl 12.53DEFGHIJKLM
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Table 7 (continued)

Genotype DE (days) DFF (days) L e
$19/Ankpa4-180-151 gQabede 7okimno PH (em) PL (cm) CW (cm) GY -1
S19/Ankpa4-181-152 1 gabedefg nopar 5defE 95n0pa 12,03 (g plot™) GYP (g plant™
$19/Ankpa4-18-17 93 69ab 4,2mnopar st 4.03 i 39WyZABC 38,43FGHIKLMNOPQRSTUVWXY g plant’)
$19/Ankpa4-182-153 9(abede s hi;dmn 07" 314 ;2' 03: 28HNOP 43,447ABCDEFGHUKLMN 11.33LNOPQRSTUVWXYZ
$19/Ankpa4-183-154 Leefehiik 73FGHU 2,7PEFGH e 13~03v 4QuvwxyzAB 12.44W11y121AIBICIDIEIF1GIHIILI1 24.378"
$19/Ankpa4-184-155 91abed sscdefghi_ 4.17opars 23w 14'03yz 3gWXyZABC 33,34KLMNOPQRSTUVWXYZalblcldlelflglhl 6.37/1TKILIMINI IPLQIRISITION
$19/Ankpa4-185-156 16efehilk 77DEF GHJI 3,99t 28 g 1 2. 03k1 57bcdef 73.53¢fshi 11.11PQRSTUVWXYZalblcldl
$19/Ankpa4-186-157 17defghii 59CDEF o 3.3w0zAB 24st 12.03yz S 82.6% 17.347
$19/Ankpa4-187-158 158hijk GOLMNO 4parst 9gwx 1 '03V 32T 18.91K111mlnlo1plqlrisltlulviwl x1ylz1A1BICIDIEL 20.82¢
$19/Ankpa4-188-159 9Q2bede 52LMNo 2.8CPEFG 20 74'02 32:_1_JKL 47, 3VWxyzABCDEFGHI 7.94W1x1y1z1A1B1CID1EIF1
$19/Ankpad-190-160 15, 58k 52 ror 5.3cd . 214 8.83E 51b11:1m 91.44P1i1j1k111m1n101plqlrlsltlulviwl x1ylz1A1B1 13.56""xyZABCDE
$19/Ankpa4-191-161 14]~1ijk 58.JiLMN 4.8 . 9' 31) 58> 10.44/1KIILmInts Iplqlrisiciulviwl x1y121AIBICIDIEL 10.0721b1cldlelflglhliljl
$19/Ankpa4-192-162 17defzhi > o 478 %5 8~°3E 341.;'-_3_DFGHI 25,9901k m1n1o1p1glrislulvi 4.57°2b2c20262282021252
$19/Ankpad-193-163 opabed 53hijklmn 9. 9UKLM 2¢ 7.03F 5 hijkim 10.4971A1BICIDIEIF1GIH1I1J1 12.04GHIKLMNOPQ
S$19/Ankpa4-194-164 99ab 73°defghij 2,7PEFGH 23w 1-203 v 59"“;Cd 93.g1¢1f1g1hliljlkllIminlo1plqirisltlulviwl <1 2.152202v2w2
$19/Ankpa4-195-165 1 4hiik 77 4.2mnopar 8¢ 1 03 61"’]1“ 9.53B1CIDIEIFIGIHIII 10.47VWXyZalblcldielfigihlil
$19/Ankpa4-196-166 1o 56NOPQRS 4. gehiikim Pt 15.032t 5oghijkl 34.017KLMNOPQRSTUVWXYZaTbcldlelfig] 4.14 gPhaizizkaizmznz
$19/Ankpa4-197-167 opabed 50efghijkl . QBCDEF e 70.0:: 252?0 16,611 1P1aLFIs11ulvIwl X1y 121 ALBICIDIEIFIGL 11.24°PQRSTUVWXYZal
$19/Ankpa4-198-168 21bcd 75fghijklm 2.4500% o7hii 1503 % : e 39,51 FGHIJKLMNOPQRSTUV 6.0211MIN1.1P1QIRISITIUIVIWI
$19/Ankpad-199-169 L sbedels 74 o 9. GEFGHI 26im 16.03;tlr eli 2751 VWXYZalbleldlelfigihliljikilmintoTp1 12.53PEFGHUKLM
$19/Ankpa4-200-170 158k Gors 4.05P 24,58 1 'Ozxyz 2080 110.6" 6.531111IKILIMINIo1P1
$19/Ankpa4-20-18 14hiik 56JKLMN 4.5hikimn 20° . f 53AB 387“ABCDE 37KLMNOPQRSTUVWXYZa1b1cl 27.82¢
$19/Ankpa4-202-171 17defghij 54BCDEFG 4.4ktmno 95m0Pa 7 'Of 35COEraH! 45,51 WXYZABCDEFGHIJK 11.77HKLMNOPQRSTU
$19/Ankpa4-203-172 1 gbedefgh 61 parstuvw 3.8rs™Y 245t 1 03 v 25°HPQ 377.53GHUKLMNOPQRSTUVWXYZ 16.53°P
$19/Ankpa4-204-173 1 gabedefg 67,1%‘_ 3.4VWxzA P 12-03AB 32k LKL 15.44P1a1r1s1t1ulv1wl x1y121A1BICIDIEIFIGIH1IL 8.34a1rIsIAuIVINT Xy IZIAIBICE
$19/Ankpa4-205-174 13k 69KJ.MN0 4710 25M0pa 1 o agkmor 6.91E1F1GIH1ILIL 10.37WX¥Zalbleldlelflglhliljl
$19/Ankpa4-206-175 29 53abcd 4.2mneps 214 95.035( 59 6.91F1FIGIHIILIL 1.942u2v2w22y2
$19/Ankpa4-207-176 16¢fshik BOGHUK 1.58T9W o 2-03 - 26NOPQ 29,51 QRSTUVWXYZalbleldlel f1glhliljikiin 1.9412u2v2w2x2y2
$19/Ankpad-208-177 1getshik A 4.2mP% 0¥ 90'03 47mnop 52,91 ParstuvxyzABCD 8.530Lrlslelulviwl x1y1z1A1B1
$19/Ankpa4-210-178 15k 53HUKL 4.9mnopar S 1.03 . 3HIJKL 18.6K11ImInlo1plqirisltlulviwl x1y1z1A1BICIDIEL 13.44"xYZABCDEF
$19/Ankpad-211-179 13k 56LMNO 4, 3lmnopg pos 11.03AB 250PQ 415 CPEFGHIIKLMNOPQ 10.32XYZalblcldlelflglhliljl
$19/Ankpa4-21-19 17defghij 52VWXyZABCD 2.65FCHI 20C 1'02 41 tuvwyzA 9.53B1CIDIEIFIGIHIILI1 13.53VWxyZABCDE
$19/Ankpad-212-180 Lgabedefs 63mpqr 3,75tV - Z.OB ., 40:vwxyzAB 8.91 C1D1EIF1GIHIILIL 4.14¢282h2i2j2k212m202
$19/Ankpad—213-181 pgbede 691mmp 4.7f8hijkl P 1:.03v 5gbede 55, 44noparstuvwxyzA 3.94 g2h212j2k212m2n202
$19/Ankpa4-215-182 158hik 71HIJKL 28 26™ 1 2.03yz agemeos 42,91 BCDEFGHIIKLMNOP 14.87rs'
519/Ankpad_216-183 e s61 1.3UVWxYZalbleldlelfn e : -03C 41vwyzA 20,51 QRSTUVWXYZalblcldlelflglhliljIkIl 13.94st 24
S19/Ankpa4-217-184 179%fghi 80 e 08g™ 30¢ 20'03c 29110 57.53mnoparstuvw 8,534 s IUIVIW XLy IZIALBL
S19/Ankpa4-219-185 9 00 ede 3.gam oS 13'°3yz sphkm 5.44F1G1HLILIL 9.241k1ImInLe 1plqlrisidtul
$19/Ankpa4-220-186 9(abede 791mm 4,4Kimnop Sanore 2-03no 43rs™W 18.91K111m1nlo1plqlrisltlulviwl x1y1z1A1BICID 3.37)24212man202p202e2
$19/Ankpa4-222-187 92ab 71abcd: 3.177ABP 26!m 17'03pqr 27MNOPQ 16.34"‘101P1qlrlsll1ulvlw1xlylzlAlBlClDlElFlGllEl 5,941 IPIQIRISITIUIVIW <1
$19/Ankpad-223-188 17defehii 7 e 5.14f e 16.03 336HIK 22,81 gUIIKIImInLo p1gLisiutvIwi x1y1a1AL 68471 T SITIIALIME
$19/Ankpa4-224-189 e GOKLMNO 3. 9XVZABC e 15.0355 239 34,6KLMNOPQRSTUVWXYZalblcldlelf1gl 10.47VWXYZalblcldlelflglhlil
$19/Ankpa4-226-191 17defghij 53CDEFG]—[ 2.95CPEF o7hi 12'03c g4Deveny 7.44P1EIF1GIH1I1LI1 8.82!1mlnlolplglrisitlulviwl
$19/Ankpad—228-192 Lefahii 60FGHIJ 1.7NOPQRSTU awx 0.03AB 3GBCDEFGH 44,91 XVABCDEFGHUKLM 6.37!1J1KILIMINIo 1PIQIRISITIUL
$19/Ankpa4-231-191 13k 28 or 4.90¢f" ggwx 11.03 ° 56t 61.53/kImnopars 20.94%
$19/Ankpad-23-20 ogabede 51mmpq 4,3'mnopq podt ;3.02 29KLMNO 17.531m1n1o1plqlrlstiulviwl x1y1z1A1BICIDIELFL 14.34rs" >
$19/Ankpa4-232-194 et 70CDEFGH 3.5uvwxy 26im : .03 " 247Q 47,440V ZARCDERGHI 6.84F1F1GIHINJIKILIMI
S$19/Ankpa4-232-195 19k 600PQRS 4,110Pars 23X 16'03yz 31:.1.<LM 15.44P1alrlsltlulviwl x1y1z1A1B1C1DI1EIF1GIH1IL 10.17YatbteldlelglhiLL
$19/Ankpa4-234-196 293P 493bcde 5,2de 18" 62.03’ 51hijkim 47.53UVWxyzABCDEFGHI 10.37WXYZalblcldlelflglhliljl
$19/Ankpad-234-197 b 79 2,17KMN . 2-303 ) 20140 23, 44¢11E1R1I1} K1 ImIn1o 1p1q1risldulviwl <1 7.24CIDIPIFIGIIILIKILL
$19/Ankpa4-235-198 13ik ZQVWXYZABCD .1/KLMN 8 20.03gh 27IJ]1:0PQ 91.53h1iljlk111minlo1plqirisltlulviwl < 1y121A1B1 9.37 glhliljlklliminlolplqlrisl
$19/Ankpa4-237-200 1s8hik 3HUKL 1.7M0PQRSTU g .OBWX 31VM 96.6° 8,141 1U1vIWl x1y121A1B1C1
$19/Ankpa4-238-201 20 %9 g a4mmen 205 ;3'03 538 57.53mnoparstuvw 19.32'
$19/Ankpa4-239-202 12k 77PQS ' 231K o7hii 1'803 " 53fhuk 31,51 NOPQRSTUVWXYZalblcldlelflglhliljl 13.3412ADCDE
$19/Ankpad-241-203 b 47buj ) 5.1def 17 ,ong 9QKLMNO 56,5 RoparStuVIXY 10.53VWXYZalblcldlelfigihl
78> 4.6EnkIm 20f 7:03 26N 31,51 NOPORSTUVWXYZalblcld 0 14.03st™™
9 21.03f 4gimnopa S1M cldlelflglhliljl 8.5341r1s1tlulviwlx1yl
62.97 iklmnop . y1z1A1B1
15.94P4

(continued on next page)
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Table 7 (continued)

Genotype
typ DE (days) DFF (days) 1L (cm) PH (cm)
$19/Ankpad-242-204 158hik 6o ABCDE 5 SFGH PL (cx) CW (cm) GY (g plot™h) GYP 1
$19/Ankpad-243-205 16¢fehilk 57GHUK & i 24st* 12.03" 3HUKL 49,51 (VWA ZABCDEFG (g plant’)
$19/Ankpa4-244-206 202b 7gabede 3'6mvwx 20 11.03*8 34DEFGHLI 3 5'3Hmn 28.53%
$19/Ankpa4-245- hijk - 30° d ) s22u2v2w2
S19/A kp 45-207 14™ . 52!MNO 4. gefghifk - 22.0]133 ¢ 4QuVWxyzAB 14.919!r1s1tlulvlwl x1y1z1A1BICIDIEIF1GIH1I1LJ1 2'14011 - w_ )
/Ankpad-247-208 177defghi} 6QCDEFGH 4. pmnopas 20 8.03 44arstu 8,91 CIDIEIFIGIHINIL 9.94d1etf1g1htililidlim1
S19/Ankpa4-248— defghij - 23X AB . 2h2i2j2k2l. o
o kpa 248-209 17 e“g ij 62ABCDEF 3.8rsY e 11.03 4glmnopa 5.447a1b1d1elf1g1hlilj1k11Im1nlo1plqlrisltiul 3.94 1b111 k212m2n2 .2.
nkpa4-249-210 1 5ghijk 57GHUK 4. mnopar st 13.03" 47 tavwxyzA 28,43 TUVWKYZalbleldlel MgIhliLjIil L1 10.0721b1c1d1elflglhliljl
$19/Ankpa4-251-211 174efghii 6OCDERGH qaete 23" 11.03" 63 45 4.4WyZABCDEFGHK Jliiiminiot 11.32NOPORSTUVWXYZ
$19/Ankpa4-25-21 12¢ 5NOPQRS 2, 4GHIK 23" 7.03" 3oHUKL 43.5] ZABCDEFGHLIKLMN 9.77¢1 18 LTI ImIno 1p1
S$19/Ankpa4-252- defghij : . F )
SlgiAnkpa4 252-212 17defehii 6OCPEFGH PR 24s'cu 7.03 38XVZABCDER 35, 67KLMNOPQRSTUVWXYZalblcldlel 14‘53?‘“‘/‘”
nkpa4-253-213 1 gbedefgh 6gnopar o 24st 13.03"* 4gkimnop NOPQRSTUVWXYZ: . 12.47EFGHUKLMN
$19/Ankpad_254 215 - 4.1nopars o5nopar 1 v N 31.82 alblcldlelflglhliljl KLMNOPORSTUVWXY
- 22 7gbedef | wezabladeangi - 4.03 46"0Pars 95.53%albldlelflglhliljlkiliminlolplqlrisitiul 11.37
$19/Ankpa4-255-215 1gabedefy 51MNOPQ 4 gdefgh 277 16.03°% 26NOPQ 132.6° 9.54/18I1iLjTdlImInTo 1p1q1
$19/Ankpa4—26— bed . 208¢ E " A .
S19/A kp 6-22 20 C e 70mnopPq 3. 9XV7ABC 2 anorar 8.03 35CDEFGHI 97.51VWXYZalbleldlelflglhliljlkllimlnlo1pl 26'531m
nkpa4-27-23 1 5hijk 55IKLM 4 ghikimn 5 14.03Y 425UVWKY 37.53GHIJKLMNOPQRSTUVWXYZ 6.53 HALIMINGo 1P1
S19/Ankpa4-28-24 9qabed 5elghijkl 2’6EFGHI 22Y% 9.03P 4g!mnopq 31'51NOPQRSTUVWXYZaledlem i §.3441r1s1tlulviwl x1y1z1A1B1C1
$19/Ankpa4-29-25 1gabedefs Egoparstu 3. xyzABC 26" 15.03st 4glmnopa 43‘531ABCDEFGHIJKLMN s 8.5301r1s1tlulviwlx1ylz1A1B1
$19/Ankpa4-30-26 13k 5oLMNO 4'§efghijk 2570P% 14.03" 56°defs 47.51uvwxyZABCDEFGHI 9.84°! M1l Imintol
$19/Ankpa4-31-27 17defghij 63VWXyZABCD 4;,qrst 20%¢ 7.03F 45oparst 27.51VWXYZalblcldlelflglhliljlklllmlnl 1p1 16.53 2
$19/Ankpa4-3-2 g1abed 77cdefghij 1 QLMNOPQRS 24}55“ 10.03C 612 48‘6“VWXYZABCDEFGH olp 6.53H1I1JIKILIMINT61P1QIR1
$19/Ankpa4-32-28 99ab 7gbedef Z.ZUKLM 27 18.034 47t0vwxyzA 27.51VWXYZa1blcld1e1flglhliljlklllml 101 12,3276HLHANO
$19/Ankpa4-33-29 1 gbedefgh 66STUvWRyZA 0‘8 h 28¢g 19.03Y 4QUVWxyzAB 23.4491ﬂ81h1i1j1k111m1n1 B r; olpl 6.53H1I1J1KILIMINIo 1P1Q1
B o rls
$19/Ankpa4-339-266 17defshii 68°Parstu 1.9LMNOPQRS 23" 12.03" 4gkimnop 16 91m1nlo1plq1r151t1u1vlw1x1ylz1A:Br<l:‘1N1;1Xl 6.87" TN
$19/Ankpa4-34-30 227 gbedefs 37 23" 11.03*® 4gimnopa 75 53¢feh FIFGL 11.94GHUKLMNOPQR
.75 . X
$19/Ankpa4-36-31 232 832 o ghledienngint 2838 19.03Y 2gLMNOP 31.51 NOPQRSTUVWXYZalblcldlelflglhliljl 17.84™
$19/Ankpa4-37-32 13k 63VWXyZABCD KLMNOPQR 34 26.03% 26NOPQ 38,91 FGHUKLMNOPQRSTUVWX 10.53VWXYZalblcldlelfigihl
$19/Ankpa4-38-33 1gbedefgh P 3 v 24st" 18.03% 4gimnopa 1 33CPEFGHUKLVNOPQR 12.64CPEFGHI
S19/Ankpa4-39-34 1 4hijk 54JKLMN . yZABC 24st" 12.03¥* 25°PQ 37. GHIJKLMNOPQRSTUVWX' 9.g7¢!f1g LIkl Imint
$19/Ankpa4—40-35 ab 3.2 214 D Kimn 31 Yzal JKLMNOPQRSTUVW.
P 22 7g?bede uvwxy 9.03 49ximnop 18.54K111mInlo1plqlrlslilulvl 11.43 X
Slg/Ank 4 493 et 3.5 23WX i .54 ulvlwlx1ylz1A1B1C1D1E1 k212m2n20 2p2
P 6 1 7defghij 6/ ABCDEF 3 1¥7ABCD 19.03 3oHUKL 70,91 fehik 3.32 P2q2r2
$19/Ankpa4-43-. hijk . 24st" : 4
N kpa 43-37 14! ij 55UKLM 4.7fghiikl 5 }Sﬁj 12,()?’Z 48?““01)‘1 29,44QRSTUVWXYZalblcldlelflglhliljikill 14.7:?1“
nkpad-44-38 13" 52LMNO 9, 17KIMN 7 . 8.03 5oikimn 43, 57ABCDEFGHIJKLMN 6.57"11/IKILIMINTo 1
; R B .
$19/Ankpa4-46-39 13k 51 MNOPQR 4 fshikl 20BC 8.03% 53fehiik 45 44"XyZABCDEFGHIIK 12.55PEFGHIK
$19/Ankpa4-47-40 17defghij 62ABCDEF 4'5hijklm 20 8.03" 425t 97.51VWXYZalblcldlelflglhliljlkllimlnlolpl 12,8772ARCDES
Sl9/Ankpa4_48_41 203bcdc 73hijk1m“ . ot 23WX 1203)’2 28LMNOP . KLMNOPQRSTU' olp. 6‘53H111J1K1L1M1N10lPlQlRlsl
Slg/Ank 449 b 51 e 27hij " 33.44 'VWXYZalblcldlelflglhl 1
pa: 42 9abede 70mnopa xvZAB 18.03 35CPEFGHI QRSTUVWXYZalblcl ij 19.37
$19/Ankpad-_50_43  bede ° 3.3Wyz o5nopar 14,037 . 29.44 alblcldlelflglhliljlk1ll 1 mno
20 7 4fghijkim 1.1 WXVZalbleldlelflglhl nopar -03 43rs™ 17.53!1mInlolplqlrisltiulviwl x1ylz1A1B1CIDIELF1 7:37
S19/Ankpa4-51-44 Qabede ghilkimn 2~8CDEFG 2510Pq! 14.03" 53fhilk 91.53¢ 3,34k212m2n202p2q2r2
. hij .
$19/Ankpa4-52-45 gqabed 75efeghijkl L 7NOPRSTU 27l ij 17.03™m"° 4gkimnop 44,91 ¥YZABCDEFGHIJKLM 16.04™
$19/Ankpa4-53-46 1 7defghij 62ABCDEF g'gqmu 26" 13.03"* 41tuvwxyzA 33LMNOPQRSTUVWXYZalblcldlelflglhl 14.64rs'™
$19/Ankpa4-5-4 1gbedefgh 65rstuvwxyzAB 3‘ JYwRvzA 24st" 11.03%8 3gXyZABCDEF 31.571 NOPQRSTUVWXYZalblcldlelflglhliljl 17.5™
$19/Ankpa4-55-47 137k 59LMNO 1.4Tuvwxyz 24st" 13.03"* 54¢fghij 43‘ 447ABCDEFGHIKLMN ' 10.53VWXYZalblcldlelfigihl
$19/Ankpa4-56-— fghiik . 20%¢ F i ’ pd
o kpa 56-48 16efehij 5QDEFGHI 4,170pars v 7.03 - 525‘}_‘_lel 33,51 KLMNOPQRSTUVWXYZalblcldlelflglhl 16'07DEF
nkpa4-57-49 212bcd 7 4fghijkim 1.GORSTUV ) 11.03 51 hijkim 20,51 QRSTUVWXYZalblcldlelflglhliljik1ll 12,53PEFGHIKLM
$19/Ankpa4-58-50 9(2bede 7711mnop 2.8CDEFG 26" 15.03st" 47tuvwxyzA 57‘44mnopqrsmvw ! 8,531 IsIuIvIwl X1y 1zIATEL
$19/Ankpa4-60-51 1 gbedefgh G7parstuvwx 0.7}11 26" 16.03P9" 450Parst 27.51UVWXYZalblcldlelflglhliljlklllmlnl 1pl 15.37%
S$19/Ankpa4-61-52 16efghiik 5QDEFGHI 4' ehijkdm 24st" 13.03"* goHUKL 31.SSNOPQRSTUVWXYZalblcldlelf1 1hiilj o 6,531 VIKILIMINL IPIQIRISITL
$19/Ankpa4-62-53 o(abede 74fghijkim Z.ZEFC’HI 23" 11.03*® 612 59.51klmnopqrstu s 6.84F1FIGIHIILIIKILIMI
$19/Ankpad—63-5 ik L o7hii AB W B yZABCDEFG
S19/A kP 4 158hij ) 5HUKL 1.55TUVWX e 11.0.’:‘ 4gkimnop 95.99¥Zalbldlelflglhliljlkiliminlo1plqlrlsiel 12‘93,1]\“
nkpa4-64-55 17defghij 1BCDEFG . 7.03 3HUKL 37 51 GHUKLMNOPQRSTUVWXYZ 5.73 51P1QIRISITIUIVIW1 x1Y1Z1a2
$19/Ankpa4-6-5 16efghiik 5QDEFGHI 4.1m0pars 23" 11.03* 47mnopar 33.44KLMNOPORSTUVWXYZalblcldlelflglhl 16.53°F
$19/Ankpa4-65-56 222b 7gabede 5‘1def 23" 10.03¢ 34DEFGHL 3].51NOPQRSTUVWXYZalblcldlelfl 1h1g'1' 9.37 gihiitiAlminicptalrisl
$19/Ankpa4-66-57 g7abed 7gbedefg 2'21 JKLM 29° 20.038" 26NOPQ 53‘ 440 ParstavwxyzABC gttt 10.53VWXYZalblcldlelflglhl
. f .
$19/Ankpa4-67-58 g1abed 74fghikim 4. gmnopar 2 21.03° 41tuvwyzA 39,51 FGHIJKLMNOPQRSTUY 29.37¢
S19/A _68- ij . il Kl . DEF
/Ankpa4-68-59 16°fehiik 59PEFGHI 4.1nopars Zw és'og 60" 13,53t1u1w1x1y1z1AIBICIDIEIF1GIHIILI1 12‘531 @Z’fﬁ?ﬁT
.03 44qrstuv 1qirl 5.54""° 1U1V1W1x1Y1Z1a2b2
15‘88]7 qlrlsltlulvlwlx1y1z1A1B1C1D1E1F1G1H1I1 3.98 g2h2i2j2k212m2n202
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‘D 32 2m1ZNY Y

0£6-S1€ (S20Z) S8I Aupjog fo pwmor upoLLfy yInos



sce

Table 7 (continued)

Genotype DE (days) DFF (days) IL (cm) PH (cm) PL (cm) CW (cm) GY (g plot'l) GYP (g plant‘l)
$19/Ankpa4-69-60 22° goabed 2.4CHUK 30° 23.03¢ 25°F¢ 76.91% 25.24%

$19/Ankpad-70-61 9abede 70™nopq 9 8CDEFG 95m0par 14.03" 47 tuvwxyzA 12.6"1x1y1z1A1BICIDIEIF1G1H1I1J1 4,627 1a2b2c2d2e2f2g2h2i2
Sl9/Ankpa4—72—63 1sghijk 57GHIJK 2~3HIJKL 23wx 1103AB 3GBCDEFGH 29.53QRSTUVWXYZalblcldlelflglhliljlklll 6.3411J1K1L1M1NlolPlQlRlSlTlUl
SlQ/Ankpa4—73—64 zoabcdc 7Zklmn0 2.4GHIJK 26lm 15.035tu 44qrstuv 37.SSGHIJKLMNOPQRSTUVWXYZ 13.54vwxyzABCDE
Sl9/Ankpa4—74—65 23a Slabc 0~9b1c1d1e1f1g1h1 30& 2303c BOJKLMN 41‘51CDEFGHIJKLMNOPQ 13‘53vwxyzABCDE

S1 9/Ankpa4—7—6 1 6efghijk 58FGHIJ 1 9LMNOPQRS 23wx 10 03C 56cdefg 12 47w1 x1y1z1A1B1C1D1E1F1G1H1I1J1 4 35c2d292f‘2g2h212j2k212
Sl9/Ankpa4—76—66 13jk 52LMNO 1 1WXYZalblc1dlclf1glhl 21A 7 03F 58bcdc 16 39nlolp1qlrlslllu1v1w1xlylzlAlBlClDlElFlGl 3.75 g2h2i2j2k212m2n202p2
Sl9/Ankpa4—77—67 14hijk 54JKLMN 5 6a 21A 7 03F 43rstuvw 11 78><1ylzlAlBlClDlElFlGlHlIlJl 3.89 g2h2i2j2k212m2n202
Sl9/Ankpa4—79—62 16efghijk 59DEFGHI 4.1nopars 23Wx 11 03AB 43rsmvw 31 51NOPQRSTUVWXYZalblcldlelflglhliljl 10 53VWXYZa1blcldlelflglhl
$19/Ankpad-79-68 232 g12be 1.9-MNOPQRS 314 24.03> 4gKimnop 5.44F1GIH1ILJ1 3,37i2k212m2n202p2q2r2
Sl9/Ankpa4—81—69 17defghij 60CDEFGH 3 6mvwx 23wx 11 OBAB 58bcde 18 glklllmlnlolplqlrlsltlulvlwlxlylzlAlBlClDlEl 5 94M1N101P1Q1R1$1T1U1V1W1><1
$19/Ankpa4-82-70 90ab 7gabede 4, gmnopar 30¢ 10.03€ 4QuvwxyzAB 96.91WXYZalblcldlelflglhliljlkllimlnlo1plqlrl 11.94GHUKLMNOPQR
$19/Ankpad-83-71 158hijk 57GHIJK 9.7DEFGH 29V 10.03€ 5gedefs 29.51 QRSTUVWXYZalblcldlelflglhliljikill 8.53a1r1stlulviwlx1y1z1A1B1
$19/Ankpa4-84-72 1 58hijk 57GHIIK 4,3!mnopq 93Wx 12.03Y* 250PQ 91.52h1ilj1k111m1nlo1plqlrlsltlulviwl x1ylz1A1B1 g.77!1nlolplqlrisitlulviwl
Sl9/Ankpa4—85—73 22ab 79abcde 2 9BCDEF 29f 21 03f 34DEFGHIJ 15 37p1q11151(1u1v1w1xlylzlAlBlClDlElFlGlHlIl 5 3701P1Q1R181T1U1V1W1lelZla2b2c2d2
Sl9/Ankpa4—86—74 1 5ghijk 56HIJKL 2 lJKLMNO 21A 15 03Stu 56cdefg 39 44FGHIJKLMNOPQRSTUVW 8 57q1r151t1u1 viwlx1lyl
$19/Ankpa4-8-7 20°bede 71!mnop 2,8CPEFG 26'™ 15.03st" 35CPEFGHL 66.6ghikimn 16.83™°P

$19/Ankpa4-88-75 1 58hijk 57GHIIK 4, 9mnopar 90¥z 10.03€ 4glmnopq 95.442a1b1d1elflglhliljlkllimlnlo 1plqlrisitiul 5.77MIN161P1QIRISITIUIVIW1 x1Y1Z1
$19/Ankpa4-89-102 1 gbedefgh 777¢defghij 0.311 o7hii 17.03™m0 4g!mnopq 44, 6Y?ABCDEFGHIKLM 9.0252t2u2v2w2
Sl9/Ankpa4—89—76 Zoabcde 70™nopq 1 4TUVWXYZal 25n0par 14.03Y sgabcd 54 GopqrstuvwxyzAB 10 92PRSTUVWXYZalblcldlel
$19/Ankpa4-90-77 9pabede 771 mnop 3zABCDE 26!m 16.03P9r 47 tuvwxyzA 69.4418hijkl 4.07 g2hzi2j2k212m2n2
$19/Ankpa4-91-78 2(2bede 711mnop 2.9BCPEF 26 15.03st" 43rs™vv 53,51 °ParstuvwxyzABC 19.53!

$19/Ankpa4-92-79 197bedefe 697PY" 4.2mnepar 2570Pr 15.03st" 25°79 50,61V HABCDER 17.32™°
$19/Ankpa4-93-80 99ab 7gabede 1YZblcldlelflglhl 30¢ 22.03de 97MNOPQ 48,6 VWxyZABCDEFGH 16.62°P

$19/Ankpa4-94-81 237 82 3.9t 32¢ 23.03¢ 4gklmnop 55.44R0ParstuvwxyzA 14.871st

Sl9/Ankpa4—95—82 Zoabcde SZLMNO 1 9LMN0PQRS ZOBC 7 03F ZSQPQ 6. 91E1FlGlHlllJl 1 945212u2v2w2><2y2
Sl9/Ankpa4—96—83 18bcdefgh 67pqrsluvwxy 1.4TUVWXYZal 23wx 1103AB 40uvwxyzAB 13.53t1u1w1 x1y1z1A1B1C1D1E1F1G1H1I1J1 11.84GHIJKLMNOPQRS
$19/Ankpa4-96-84 14hiik 5EHUKL 4,3lmnopa 29ov2 10.03€ gybedef 29.44QRSTUVWXYZalblcldlelflglhliljlklll 11.37 KLMNOPQRSTUVWXY

S1 9/Ankpa4—97—85 15ghijk 7llmn0p 2 SCDEFG 261m 15 OBSt“ 24PQ 29 51QRSTUVWXYZalblcldlelﬂglhliljlklll 8 53q1r151t1u1v1w1 x1y1z1A1B1
$19/Ankpa4-9-8 158hijk 55UKLM 4, ghijkimn 21A 7.03F g7bedef 6.91 E1F1GIH1I1J1 1.04t2u2v2w2x2y2
$19/Ankpa4-98-86 91abed 7gbedefg 3, guvwxy 90¥z 19.031 47 tuvwxyzA 17.77!1mlnlo1plqlrlsltiulviwl x1y1z1 AlBICID1EIF1 3.47122k212m2n2, 2p2q2r2
Sl9/Anpa4—109—90 12k 490PQRS 1.8MNOPQRST 22yz 1003C ZSQPQ 6.91E1F1G1H111J1 1.94s2t2u2v2w2><2y2
SONGKHLA 15‘6fghijk 56.SGHUK 4b46ijklmno 232wx 9.63CD 38xyzABCDEF 48‘4uvwxyzABCDEFGH 1 1.561JKLMNOPQRSTUVW

TIGD 14h|_|k 53.8JKLMN 3.24xyzAB 20.6AB 8.03E 49.2klmnop 14.8q1r151t1u1v1w1x1ylzlAlBlClDlElFlGlHlIlJl 6.54H111J1K1L1M1N101P1

UKZN1 15ghijk 57GHIJK 3.725tuv 234tvw 1103AB 44.6pqrstu 14.451t1u1w1><1y1zlAlBlClDlElFlGlHlllJl 4.8><1Y121a2b2c2d2e2f2g2h2
UNISWA 21abcd 72.8iklmn 2.02KLMNOP 26.8hijk 17.43lmn 46,8mnopar 52.8pqrs(uvwxyzABCDE 17.3mno

p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

«DE: days to emergence
DFF: days to 50% ﬂower’ing
IL: internode length ’
pH: plant height ’

PL: petiole lengt}’l

CW: canopy widt};

GY: grain yield ’

GYP: grain yield per plot *Different upper-case letters within a column indicate significant difference among genotypes. Green-bolded figures represent highest and red-bolded represent lowest values of each parameter in a column.
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Fig. 2. (a) Pearson correlation matrix and (b) circular chord diagram for BGN agronomic traits in the studied population. DE: days to emergence, DFF: days to 50 %
flowering, IL: internode length, pH: plant height, PL: petiole length, CW: canopy width, GY: grain yield, GYP: grain yield per plot.

Principal component analysis (PCA)

Table 8 shows the PCA with factor loadings, eigenvalues, and percent
variance for the evaluated traits. PC1 accounted for 45.5 % of the total
variation and was positively correlated with DE, DFF, pH and PL. PC2
positively correlated with GY and GYP, contributing to 21.8 % of the
total variation. PC3 accounted for 12.6 % of the total variation and was
positively correlated with CW. Internode length was positively corre-
lated with PC4, which accounted for 11.3 % of the total variation.

The PC biplots based on PCA analysis were used to picture the
relationship among BGN genotypes based on evaluated traits (Fig. 3).
Traits represented by parallel vectors or close to each other revealed a
strong positive association, and those located nearly opposite (at 180°)
showed a highly negative association. In contrast, the vectors toward the
sides expressed a weak relationship. The following genotypes—S19/
Ankpa4-239-202, S19/Ankpa4-232-195, S19/Ankpa4-151-129,
100SB16ANAM-C, S19/Ankpa4-100-87, IITA686/LunT-312-247, S19/
Ankpa4-113-97, and S19/Ankpa4-43-37—are categorized based on
high IL. Similarly, IITA686,/LunT-403-315, S19, S19/Ankpa4-8-7, S19/
Ankpa4-13-12, $19/Ankpa4-93-80, GHC37105, S19/
Ankpa4-206-175, S19/Ankpa4-52-45, and IITA686/LunT-437-339
are grouped based on high GY and GYP (Fig. 3).S19/Ankpa4-130-112,
S$19/Ankpa4-79-68, IITA686/LunT-354-276, IITA686/LunT-407-317,
IITA686/LunT-429-332 and IITA686/LunT-366-285 were grouped on
high DE, DFF and pH. BURKINA, IITA686/LunT-318-251, IITA686/
LunT-269-225, IITA686/LunT-420-325, IITA686/LunT-364-283, S19/

Ankpa4-217-184, S19/Ankpa4-223-188, S19/Ankpa4-81-69, S19/
Ankpa4-217-184 and S19/Ankpa4-14-13 were grouped based on high
CW (Fig. 3).

Agglomerative hierarchical clustering (AHC)

The accessions were classified into four groups based on agronomic
traits (GY, GYP and DFF) (Fig. 4). Group A (high-yielding) comprised of
19 genotypes including; IITA686/LunT-419-324, S19/
Ankpa4-339-266, IITA686/LunT-348-271, S19/Ankpa4-50-43, S19/
Ankpa4-234-197, PONG-BR, S19/Ankpa4-1-1 and  S19/
Ankpa4-151-129 (Fig. 4a).

Group B (moderately high yielding) comprised of 100 genotypes,
including IITA686, S19/Ankpa4-63-54, S19/Ankpa4-180-151, S19/
Ankpa4-26-22, S19/Ankpa4-13-12, S19/Ankpa4-224-189, IITA686/
LunT-326-257, IITA686/LunT-261-220, IITA686/LunT-312-247, UNI-
SWA, S19 and IITA686/LunT-403-315 (Fig. 4b).

In Fig. 4c, 114 genotypes, including IITA686/LunT-411-319,
IITA686/LunT-357-278, IITA686/LunT-269-225, IITA686/LunT-
397-309, IITA686/LunT-335-263, S$19/Ankpa4-48-41, S19/
Ankpa4-52-45, S19/Ankpa4-156-132, S19/Ankpa4-25-21, S19/
Ankpa4-194-164, EXSOCOTO, DOD R and DIP-C were classified as
moderate-yielding genotypes (Group C).

Group D (low-yielding) comprised of 132 genotypes including S19/
Ankpa4-128-110, S19/Ankpa4-211-179, S19/Ankpa4-210-178, S19/

Ankpa4-12-11, S19/Ankpa4-129-111, S19/Ankpa4-77-67, S19/

Table 8

Summary of factor loadings, eigenvalue, percent and cumulative variation for agronomic traits assessed among 365 BGN genotypes under field conditions.
Trait PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
DE 0.463 —0.112 0.018 0.045 0.820 0.069 —0.005 0.306
DFF 0.504 —0.090 0.048 0.056 0.020 —0.022 0.015 —0.855
1L —0.164 0.019 0.457 0.873 0.042 0.003 0.004 —0.016
pH 0.485 —0.087 0.045 0.098 —0.407 0.083 —0.704 0.279
PL 0.486 —0.083 0.028 0.100 —0.392 —0.124 0.694 0.308
Ccw —0.023 —-0.159 0.871 —0.455 —0.018 0.086 0.024 0.020
GY 0.131 0.680 0.161 —0.074 0.067 —0.688 —0.103 0.027
GYP 0.131 0.690 0.048 —0.017 —0.034 0.701 0.103 —0.011
Eigenvalue 3.638 1.740 1.008 0.906 0.281 0.210 0.137 0.079
Variability ( %) 45.479 21.755 12.605 11.326 3.512 2.624 1.711 0.989
Cumulative ( %) 45.479 67.234 79.839 91.165 94.677 97.300 99.011 100

DE: days to emergence, DFF: days to 50 % flowering, IL: internode length, pH: plant height, PL: petiole length, CW: canopy width, GY: grain yield, GYP: grain yield per

plot.
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Fig. 3. Principal component (PC) biplot of PC 1 vs PC 2 demonstrating the relationships among agronomic traits for 365 Bambara groundnut genotypes. DE: days to
emergence, DFF: days to 50 % flowering, IL: internode length, pH: plant height, PL: petiole length, CW: canopy width, GY: grain yield, GYP: grain yield per plot.

Ankpa4-191-161, ANKPA 4, PONG-CR, 20ACC118CIVB, IITA686/
LunT-345-270, I1ITA686/LunT-402-313, IITA686/LunT-369-287,
IITA686/LunT-322-255 and IITA686/LunT-404-316 (Fig. 4d).

Discussion

A plant’s growth habit is a crucial agronomic trait that significantly
influences its competitive ability, adaptability, and ease of cultivation
(Garnier and Navas, 2012; Wang et al., 2006). This study classified
vegetative growth habits as bunch, semi-bunch, and spreading. The
bunch type was the most predominant (58.5 %), followed by spreading
(22.6 %), consistent with findings by Gbaguidi et al. (2018), who re-
ported 40.4 % of BGN landraces exhibiting a bunch growth habit. The
predominance of the bunch type can be attributed to its agronomic
advantages, particularly for smallholder farmers. This growth habit fa-
cilitates manual harvesting by efficiently uprooting plants with minimal
pod loss (Ntundu et al., 2006). Selecting the bunch type for breeding
programs can improve harvest efficiency and reduce labour costs,
especially in low-mechanization farming systems. Promoting this trait
through targeted breeding can enhance the crop’s attractiveness to
farmers, thereby supporting the wider adoption of improved genotypes.

Variations in leaf shape can influence light interception, water-use
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efficiency, and thermal regulation, ultimately impacting adaptability
and yield potential (Gratani, 2014). In this study, oval terminal leaf
shapes were most common (40.1 %), followed by round (32.8 %),
elliptic (23.7 %), and lanceolate (3.3 %), echoing findings by Ntundu
et al. (2006). Broadleaf forms (oval, round, elliptic) enhance photo-
synthetic capacity through greater light interception and improved
PPFD absorption (Karabourniotis et al., 2021; Mandizvo et al., 2022),
which can translate to improved biomass accumulation and yield in
favourable environments. Conversely, narrower leaves may confer ad-
vantages under water-limited conditions by reducing transpiration
(Chaves et al., 2016). Breeders can leverage this variation to develop
ideotypes tailored to specific environments: broadleaf genotypes for
high-input or irrigated systems aiming for maximum yield and
narrow-leaf genotypes for rainfed, drought-prone regions where
water-use efficiency is critical. This targeted selection would allow
farmers to adopt varieties suited to their local agroecologies.
Significant positive correlations were observed (Fig. 2a) between
days to emergence (DE) and days to 50 % flowering (DFF) (r = 0.85,p =
0.017), indicating that early-emerging plants tend to flower earlier
(Bitocchi et al., 2017). Additionally, DE showed positive relationships
with plant height (pH) (r = 0.75, p = 0.021) and petiole length (PL) (r =
0.75, p = 0.027), suggesting that early emergence promotes vigorous
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vegetative growth. The strong correlation between PL and pH (r = 0.86,
p = 0.011) reflects coordinated growth patterns, while internode length
(IL) showed weak but significant negative correlations with DE (r =
—0.23, p = 0.048) and DFF (r = —0.24, p = 0.05), indicating a potential
trade-off between stem elongation and phenological development. For
breeding, these correlations suggest that selection for early emergence
may indirectly improve vegetative vigour and synchronise flowering,
which is advantageous for achieving uniform crop stands and synchro-
nous maturation—traits highly valued by farmers (Gerrano et al., 2021).
Moreover, depending on production goals, managing internode length
could offer a way to optimize plant architecture for increased stability or
improved canopy structure.

The positive associations among vegetative (pH, PL) and reproduc-
tive (DE, DFF) traits likely reflect shared hormonal regulation (Depuydt
and Hardtke, 2011; Vanstraelen and Benkova, 2012). This integrated
growth suggests that breeders can employ multi-trait selection indices to
improve key traits linked to yield potential and crop management effi-
ciency. For instance, combining selection for early emergence, optimal
plant height, and favourable flowering time could yield genotypes with
enhanced performance under diverse farming conditions.

Principal component analysis (PCA) further illustrated the multi-
variate nature of trait interactions (Table 8). The strong clustering of
phenological and vegetative traits in PC1 highlights the integrated
development of plant architecture and growth dynamics (Gottlieb et al.,
2004). This finding underscores the importance of balanced selection
strategies; breeding programs must carefully manage trait in-
terdependencies to avoid unintentional trade-offs when selecting
desirable characteristics (Dwivedi et al., 2021). For practical applica-
tion, breeders could prioritize selection along PC1 to develop genotypes
with optimal combinations of early vigour, pH, and synchronized
flowering—traits that enhance crop uniformity and facilitate
management.

Productivity traits separated from growth traits in PC2 highlight
opportunities for independent selection of yield-related traits, enabling
breeders to fine-tune yield potential without compromising plant
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architecture. In addition, PC3 and PC4 revealed structural traits (canopy
width and IL) as distinct axes of variation, suggesting these traits can be
modified independently to optimize light capture or plant stability.
Breeders could exploit this by selecting canopy structures that maximize
radiation use efficiency while maintaining robust stems for lodging
resistance—important under high-density planting or windy
environments.

The cumulative variance explained (91.165 % by PC1-PC4) dem-
onstrates that these components effectively capture phenotypic di-
versity, offering a robust framework for multi-trait selection (Table 8).
Breeding programs can use this framework to design ideotypes tailored
for specific production environments—whether high-yield systems with
ample resources or stress-prone settings requiring resilience and
resource-use efficiency. Furthermore, farmers could benefit from
adopting genotypes selected for early emergence and uniform flowering,
simplifying crop management, improving harvest timing, and reducing
post-harvest losses.

This study provides valuable phenotypic insights to guide breeding
strategies and inform practical recommendations for Bambara
groundnut breeding and cultivation. Future breeding programs should
leverage the observed trait correlations and PCA patterns to develop
ideotypes aligned with breeder and farmer priorities—yield, adapt-
ability, ease of cultivation, and stress resilience. Additionally, partici-
patory breeding approaches involving farmers could help fine-tune trait
combinations to match diverse local preferences and production sys-
tems, accelerating adoption and impact.

Conclusion

Despite its status as an underutilized crop, BGN exhibits significant
agro-morphological diversity, as evidenced by the evaluation of re-
combinant inbred lines derived from four distinct landraces. The find-
ings reveal considerable genetic variation in growth, flowering, yield,
and morphological traits, providing a solid foundation for breeding
programs to improve agronomic performance and adaptability. The
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significant differences observed among genotypes for quantitative and
qualitative traits, alongside the high Shannon-Weiner diversity index,
demonstrate the crop’s rich genetic reservoir. This diversity offers op-
portunities for selecting and developing high-yielding, climate-resilient
cultivars. Furthermore, advancements in artificial hybridization tech-
niques, such as those pioneered at the University of Nottingham, high-
light the feasibility of overcoming BGN’s reproductive barriers to enable
targeted breeding efforts. This research contributes to bridging the
knowledge gap in BGN improvement by providing insights into its ge-
netic and phenotypic variability. By leveraging this diversity, BGN can
play a pivotal role in enhancing food security, supporting sustainable
agriculture, and addressing the nutritional needs of marginalized pop-
ulations, particularly in drought-prone regions. Future studies should
focus on molecular characterization and genome-wide association
studies to further identify key traits linked to environmental resilience
and yield optimization, ensuring sustainable use of BGN as a cornerstone
of global food systems.
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