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Abstract

Custard apple (4nnona squamosa L.) breeding requires early evaluation of progenies to identify cross combinations with
favourable germination and seedling growth. The present investigation evaluated 20 Fi cross combinations involving Selection
No. 11, Balanagar, Sindhan, Mammoth and GJCA-1 under shade-net nursery conditions at Junagadh Agricultural University,
Gujarat, from February to May 2025. The experiment was conducted in a Randomised Block Design with three replications,
using 20 seeds per cross combination in each replication. Germination percentage was assessed at 30 days after sowing, and plant
height, stem diameter, leaf length and leaf width were recorded at 90 days after sowing. Significant differences were observed
among the cross combinations for germination behaviour and early seedling growth. Balanagar x Sindhan (Cs) recorded the
earliest emergence (22.66 days) and the highest germination percentage (86.92%). Selection 11 x GJCA-1 (Ca) produced the
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greatest plant height (30.65 ¢cm) and stem diameter (3.70 mm), whereas GJCA-1 x Mammoth (Cz) recorded the greatest leaf
length (8.72 cm) and leaf width (3.32 cm). Reciprocal combinations showed contrasting performance for several traits, although
maternal, paternal and cytoplasmic effects were not separately evaluated. The observed trait-specific variation indicates that
multiple cross combinations should be considered during early progeny evaluation. The identified progenies provide material for
subsequent nursery and field assessment at later growth stages.

Keywords: Annona squamosa, custard apple; F1 progenies, genotypes; seed germination; seedling vigour.
1. Introduction

Custard apple (Annona squamosa L.) is an important fruit crop of tropical and subtropical regions and is well adapted to dry and
semi-arid environments because of its hardy nature and comparatively low input requirements. In India, the crop is cultivated under
diverse agro-climatic conditions and has considerable economic importance, particularly in regions where its adaptability favours
cultivation under relatively low-input production systems (Leal & Paull, 2023).

The fruit is nutritionally valuable and contains appreciable quantities of sugars, proteins, minerals, vitamins and other nutrients and
is consumed fresh as well as processed into pulp for ice creams, milkshakes, custards and other products (Kumar et al., 2021).

Different plant parts have also been traditionally utilised for medicinal purposes in Ayurvedic and Unani systems (Anaya-Esparza et
al., 2020). Despite its economic importance, the productivity of custard apple remains relatively low, primarily because of poor and
irregular fruit set. The crop is characterised by protogynous dichogamy, in which stigma receptivity precedes anther dehiscence,
thereby favouring cross-pollination and making effective pollen transfer essential for successful fertilisation (Saunders, 2020).

Limited pollinator activity, inadequate pollen deposition and environmental conditions during flowering may further reduce
effective pollination and fruit set (Chagas et al., 2022; Mendes et al., 2012).

The limited availability of improved cultivars and the considerable variation among F: progenies within Annona provide
opportunities for crop improvement through hybridisation (Prasad et al., 2025). Hybridisation is an important breeding approach for
combining desirable attributes from genetically diverse parents and generating new recombinants. In Annona, both interspecific and
intraspecific hybridisation have been utilised to exploit available genetic diversity and develop superior types. The development of
the hybrid ‘Arka Sahan’, derived from A. cherimola * A. squamosa followed by crossing with A. squamosa, demonstrates the
potential of hybridisation for combining desirable fruit characteristics in Annona. Furthermore, studies involving interspecific
Annona progenies have demonstrated substantial variation among progenies for tree and fruit characteristics, indicating the
usefulness of hybrid populations for identifying desirable recombinants (Jalikop, 2010; Rajpoot et al., 2026). A recent review of
horticultural crop improvement describes conventional hybridisation and selection as established breeding approaches that are
increasingly integrated with molecular methods (Raghavan et al., 2025).

F: progenies constitute the first generation obtained from selected parental combinations and provide an opportunity to assess the
expression of recombined parental characteristics. The use of genetically diverse parents can generate phenotypic variation among
progenies, thereby providing opportunities for identifying selected individuals for subsequent breeding programmes (Prasad et al.,
2025). Recent characterisation of A. squamosa germplasm has also demonstrated substantial agro-morphological variability among
genotypes, reinforcing the potential for genetic improvement through appropriate selection and hybridisation (Nogueira et al.,
2022). A recent high-quality genome assembly of 4. squamosa provides a genomic resource that may support future investigations
of genetic variation and crop improvement in the species (Bisht et al., 2025).

Evaluation of F1 progenies at the seedling stage is an important preliminary step in a breeding programme because early germination
and vegetative growth provide useful information for identifying F: progenies with comparatively better early growth performance.

Seed germination in 4. squamosa is influenced by seed characteristics and physiological conditions, and considerable attention has
been given to improving germination and subsequent seedling growth through seed treatments (Mimi et al., 2023). Studies in
custard apple have demonstrated significant variation in days to first plumule emergence, germination percentage, seedling height,
stem diameter, number of leaves, leaf area, fresh and dry biomass and seedling vigour, indicating that these traits are useful
indicators of early seedling performance (Singour et al., 2023). Recent shade-net research in custard apple similarly reported that
pre-sowing treatments can influence both seed germination and early shoot growth, supporting the sensitivity of nursery-stage
performance to seed treatment (Priyanka et al., 2025).

Early vegetative characters such as plant height, stem diameter and leaf development are particularly useful for assessing seedling
vigour because they reflect the establishment and growth potential of young plants. Variation in these characters has been reported
in custard apple seedlings subjected to different growing conditions and pre-sowing treatments, suggesting that early growth
characteristics can be effectively used to discriminate among seedlings and identify selected planting material. More recent
investigations have similarly reported significant differences among custard apple seedlings for germination percentage, seedling
height, stem diameter, number of leaves and other growth attributes (Deeksha et al., 2023). Recent comparative work in Annona has
also incorporated germination and juvenile growth traits in the assessment of early growth differences, indicating the continued
utility of such characters for seedling-stage evaluation (Okechukwu et al., 2025).

Although several studies have examined seed treatments and their influence on germination and seedling growth in custard apple,
relatively limited information is available on the comparative performance of Fi progenies derived from different parental cross

697



Tippannavar et al.; Int. J. Plant Soil Sci., vol. 38, no. 10, pp. 696-702, 2026, Article no.IJPSS.164753

combinations. Evaluation of F: progenies for germination behaviour and early vegetative growth can therefore provide useful
information for identifying cross combinations with selected seedling performance. Such information is particularly valuable in
breeding programmes where early selection can help narrow the population for subsequent field evaluation. The use of diverse
Annona parents and evaluation of their progenies has previously demonstrated the potential to generate considerable variation for
selection and genetic improvement (Sushmitha & Sakthivel, 2023).

Therefore, the present investigation was undertaken to evaluate twenty Fi cross combinations of custard apple (Annona squamosa
L.) for germination behaviour and early seedling growth based on days to first emergence, germination percentage, plant height,
stem diameter, leaf length and leaf width, and to compare their performance for these early seedling traits.

2. Materials and Methods
2.1 Experimental Site

The investigation was conducted at the Department of Fruit Science, Fruit Research Station, Madhadi Baug, College of
Horticulture, Junagadh Agricultural University (JAU), Junagadh, Gujarat. The experimental site is located in the Saurashtra zone at
21°30'56" N latitude and 70°27'23" E longitude, at an elevation of approximately 107 m above mean sea level. The region
experiences a tropical to subtropical climate and the experimental site is characterised by medium to heavy black soil (Vertisols).

2.2 Plant Material

Twenty reciprocal cross combinations involving five custard apple parental genotypes, viz., Selection No. 11, Balanagar, Sindhan,
Mammoth and GJCA-1, were generated through controlled hand pollination. Approximately 25 flowers were pollinated for each
cross combination. The selected flowers were emasculated in the morning before anthesis to prevent self-pollination. Pollen was
collected separately from flowers that had opened on the preceding day and transferred into clean plastic cups. Separate cups and
brushes were used for each pollen source to minimise cross-contamination. The collected pollen was manually applied to the stigma
of the emasculated flowers at the female receptive stage before anthesis using a clean, dry paintbrush. Each hand-pollinated flower
was labelled with the pollen source and date of pollination. Approximately three fruits were obtained from each cross combination.

Seeds extracted from the fruits of each cross combination were pooled separately and the pooled seeds were subsequently used for
the germination and early seedling growth study.

2.3 Seed Preparation and Sowing

Seeds obtained from each Fi cross combination were soaked in water overnight before sowing. For each cross combination, 20
seeds were sown individually in each replication on 20 February 2025, with one seed placed in each 5 x 7-inch polythene bag
containing soil as the growing medium. Thus, 20 seeds were sown per cross combination in each replication, resulting in a total of
60 seeds per cross combination across three replications. The seedlings were maintained under shade-net conditions and irrigated
regularly three times a week using a rose can.

2.4 Experimental Design and Nursery Management
The experiment comprised 20 F1 cross combinations and was laid out in a Randomised Block Design (RBD) with three replications.

Each cross combination constituted one treatment, with 20 seeds sown individually in separate 5 x 7-inch polythene bags in each
replication. Thus, each cross combination was represented by 20 individually sown seeds per replication, giving a total of 60 seeds
across the three replications. The seeds used for each cross combination were obtained by pooling seeds from approximately three
fruits of the respective cross. The seedlings were maintained under uniform nursery and cultural conditions throughout the
experimental period.

2.5 Assessment of Germination
Germination was monitored daily from the date of sowing. Emergence of the plumule was considered the criterion for germination.

The number of days to first emergence of the plumule in each replication was recorded and calculated as the interval between the
date of sowing and the date of emergence of the first plumule in each replication. Final germination percentage was recorded at 30
days after sowing (DAS) and calculated as the percentage of seeds germinated relative to the total number of seeds sown.

2.6 Assessment of Seedling Growth

Seedling growth observations were recorded at 90 DAS. Five seedlings were randomly selected from each replication for recording
seedling growth parameters, and the mean of the selected seedlings was used as the replication-wise observation for statistical
analysis. Plant height was measured from the soil surface to the apical growing point of the selected seedling using a measuring
scale and expressed in centimetres (cm). Stem diameter was measured at approximately 3 cm above the base of the stem using a
vernier calliper and expressed in millimetres (mm). Leaf length was measured from the point of attachment of the leaf blade with
the petiole to the tip of the lamina using a measuring scale. Leaf width was measured perpendicular to the midrib at the widest
portion of the leaf lamina. Leaf length and leaf width were expressed in centimetres (cm).
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2.7 Statistical Analysis

The data recorded for days to first emergence, germination percentage, plant height, stem diameter, leaf length and leaf width were
subjected to an analysis of variance appropriate for a Randomised Block Design. The significance of differences among treatment
means was tested using the F-test at the 5% probability level. Where the treatment effect was significant, the treatment means were
compared using Duncan’s Multiple Range Test (DMRT) at the 5% level of significance. The standard error of the mean (SEm=),
critical difference (CD) and coefficient of variation (CV) were calculated following the procedure described by Panse and Sukhatme
(1985).

3. Results and Discussion

3.1 Germination Parameters

Significant differences (Table 1) among the F1 cross combinations were observed for germination behaviour.
3.1.1 Days to First Emergence

The minimum number of days to first emergence (22.66 days) was recorded in Balanagar x Sindhan (Cs), which remained
statistically at par with Sindhan x Selection 11 (Cs), Mammoth x Balanagar (Ci4) and Sindhan x Mammoth (Ci1). In contrast, the
maximum number of days to first emergence (28.33 days) was recorded in Selection 11 x Mammoth (Cs). The reciprocal
combinations showed contrasting performance for early emergence. Balanagar x Sindhan (Cs) recorded fewer days to first
emergence than its reciprocal Sindhan x Balanagar (Cio) (22.66 vs. 25.17 days), while Mammoth x Selection 11 (Cis) emerged
earlier than Selection 11 x Mammoth (Cs) (26.67 vs. 28.33 days). Such differences indicate that cross direction may influence early
emergence behaviour in Fi progenies, although the present experiment did not specifically test maternal or reciprocal effects.

Variation in emergence time may also be associated with differences in seed developmental characteristics and physiological quality
among progenies (Singour et al., 2023).

3.1.2 Germination Percentage

The maximum germination percentage (86.92%) was recorded in Balanagar % Sindhan (Cs), which was statistically at par with
Balanagar x GJCA-1 (Cs), whereas the minimum germination percentage (57.51%) was recorded in Selection 11 x Balanagar (C:).

Marked differences were observed between several reciprocal combinations. Balanagar x Sindhan (Cs) recorded higher germination
than its reciprocal Sindhan x Balanagar (Cio) (86.92 vs. 71.66%), while Balanagar x Selection 11 (Cs) showed higher germination
than Selection 11 x Balanagar (Ci) (70.03 vs. 57.51%). Similarly, Mammoth x Selection 11 (Cis) recorded higher germination
(79.64%) than Selection 11 x Mammoth (Cs) (58.29%). These contrasting performances suggest a possible influence of cross
direction on germination performance in F: progenies; however, maternal, paternal and cytoplasmic effects were not separately
evaluated in the present experiment. The observed variation may also be associated with differences in seed development and
physiological quality among the progenies (Dadhaniya et al., 2020; Gharge et al., 2022).

3.2 Early Seedling Growth Parameters
Significant differences were observed among the 20 Fi cross combinations (Table 1) for early seedling growth parameters.
3.2.1 Plant Height

The maximum plant height (30.65 cm) was recorded in Selection 11 x GJCA-1 (C.), which was statistically at par with Mammoth x
Balanagar (Cis) and GJCA-1 x Mammoth (Cx), whereas the minimum plant height (16.40 cm) was recorded in Sindhan x
Mammoth (Cu). Contrasting performance was observed among several reciprocal combinations. Selection 11 x GJCA-1 (Cs)
produced taller seedlings than its reciprocal GJCA-1 x Selection 11 (Ci7) (30.65 vs. 24.36 cm), while Mammoth x Balanagar (Cia)
recorded greater plant height than its reciprocal Balanagar x Mammoth (C~) (30.46 vs. 23.97 cm). Similarly, GJCA-1 x Mammoth
(Cz0) produced taller seedlings than Mammoth x GJCA-1 (Cis) (30.42 vs. 23.58 cm). These contrasting performances suggest that
cross direction may be associated with differences in early vegetative growth, although maternal, paternal and cytoplasmic effects
were not separately evaluated in the present experiment. The observed variation in plant height indicates differential early growth
performance among the F: progenies. Similar variation in seedling height has been reported in custard apple under different seed
treatments and growing conditions (Sahu & Rana, 2024). Similar variation in plant height has been reported in jackfruit
(Tippannavar & Singh, 2023).

3.2.2 Stem Diameter

Significant differences were observed among the Fi cross combinations for stem diameter (Table 1). The maximum stem diameter
(3.70 mm) was recorded in Selection 11 x GJCA-1 (Cs4), which was statistically at par with Selection 11 x Mammoth (Cs), whereas
the minimum stem diameter (2.45 mm) was recorded in GJCA-1 x Balanagar (Cis). Contrasting performance was observed among
several reciprocal combinations. Selection 11 x GJCA-1 (C4) recorded greater stem diameter than its reciprocal GICA-1 x Selection
11 (Cw7) (3.70 vs. 3.20 mm), while Selection 11 x Mammoth (Cs) recorded greater stem diameter than its reciprocal Mammoth x
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Selection 11 (Cis) (3.66 vs. 2.86 mm). Similarly, Sindhan x Balanagar (Cio) recorded greater stem diameter than its reciprocal
Balanagar x Sindhan (Cs) (3.37 vs. 2.67 mm). These contrasting performances suggest that cross direction may be associated with
differences in early stem development, although maternal, paternal and cytoplasmic effects were not separately evaluated in the
present experiment. The relatively greater stem diameter observed in these progenies may indicate stronger early structural
development and seedling vigour (Dadhaniya et al., 2020).

3.2.3 Leaf Length

The maximum leaf length (8.72 cm) was recorded in GJCA-1 x Mammoth (Cz), which was statistically at par with Mammoth x
Balanagar (Ci4) and Selection 11 x GJCA-1 (Cs), whereas the minimum leaf length (5.98 cm) was recorded in Selection 11 x
Sindhan (Cz). Contrasting performance was observed among several reciprocal combinations. Mammoth x Balanagar (Ci4) recorded
greater leaf length than its reciprocal Balanagar x Mammoth (C-) (8.59 vs. 6.04 cm), while GJCA-1 x Mammoth (C2o) recorded
greater leaf length than its reciprocal Mammoth x GICA-1 (Cis) (8.72 vs. 7.17 cm). Similarly, Sindhan x Balanagar (Cio) recorded
greater leaf length than its reciprocal Balanagar x Sindhan (Cs) (8.03 vs. 6.46 cm). These contrasting performances suggest that
cross direction may be associated with differences in leaf expansion in F: progenies, although maternal, paternal and cytoplasmic
effects were not separately evaluated in the present experiment. Greater leaf dimensions may contribute to a larger potential
photosynthetic surface, which may support early vegetative development (Jnapika et al., 2021).

3.2.4 Leaf Width

The maximum leaf width (3.32 cm) was recorded in GJCA-1 x Mammoth (C2), which was statistically at par with Selection 11 x
Mammoth (Cs) and Sindhan x Balanagar (Cio), whereas the minimum leaf width (2.32 cm) was recorded in Selection 11 x Sindhan
(C2). Contrasting performance was observed among several reciprocal combinations. Selection 11 x Sindhan (C:) recorded lower
leaf width than its reciprocal Sindhan x Selection 11 (Co) (2.32 vs. 3.08 cm), while Selection 11 x Mammoth (Cs) recorded greater
leaf width than its reciprocal Mammoth x Selection 11 (Cis) (3.31 vs. 2.65 cm). Similarly, Sindhan x Balanagar (Cio) recorded
greater leaf width than its reciprocal Balanagar x Sindhan (Ce) (3.25 vs. 2.63 cm) and GJCA-1 x Mammoth (Cz) recorded greater
leaf width than its reciprocal Mammoth x GJCA-1 (Cis) (3.32 vs. 2.95 cm). These contrasting performances suggest that cross
direction may be associated with differences in leaf expansion in Fi progenies, although maternal, paternal and cytoplasmic effects
were not separately evaluated in the present experiment. Greater leaf dimensions may contribute to a larger potential photosynthetic
surface, which may support early vegetative development (Jnapika et al., 2021).

Table 1. Comparative performance of custard apple F: progenies for germination and seedling growth parameters

Sl no. Trt. details Days to first Germination Plant height Stem Leaf Leaf width
emergence (%) (cm) diameter length (cm)
(mm) (cm)
Ci Selection 11 x Balanagar  26.00°¢ 57.51¢ 22.49¢h 3.38> 7.584 2.84%
C2 Selection 11 x Sindhan 25.66% 65.994 18.911 2.68 5.98¢ 2.32¢
Cs Selection 11 x Mammoth 28.332 58.29¢ 25.36% 3.66% 7.528 3.31°
Cs Selection 11 x GJCA-1 26.96° 71.56°¢ 30.65* 3.702 8.40% 3.15b
Cs Balanagar x Selection11 ~ 24.33¢f 70.03¢ 28.18° 3.25bc 8.08 2.66"
Ce Balanagar x Sindhan 22.668 86.922 19.44 2.67 6.46" 2.63"
Cs Balanagar x Mammoth ~ 26.00*¢ 71.87¢ 23.97f 3.08df 6.04¢ 2.45i
Cs Balanagar x GJCA-1 25.25d 86.10* 26.08% 2.98f% 7.69¢d 2.54M
Co Sindhan x Selection 11 22.99¢ 65.374 22.13" 3.19¢« 7.14¢f 3.08¢
Cuo Sindhan x Balanagar 25.17¢% 71.66¢ 26.80¢ 3.37° 8.03b 3.25%
Cu Sindhan x Mammoth 23.66 79.78P 16.40' 2.77M 7.05° 2.56M
Ci2 Sindhan x GJCA-1 24.33¢f 79.54° 23.92f 3.17¢de 7.84¢d 2.43i
Cis Mammoth x Selection 11 26.67% 79.64° 26.22¢4 2.86¢ 7.444¢f 2.65h
Cus Mammoth x Balanagar ~ 23.50% 65.35¢ 30.46° 3.38° 8.59° 3.02d°
Cis Mammoth x Sindhan 25.18d 65.924 25.65%4 3.094f 7.09f 2.441k
Cis Mammoth x GJCA-1 26.090<d 79.42° 23.58f 3.03¢f 7.17¢f 2.95¢f
Ci7 GJICA-1 x Selection 11 26.33bcd 79.81° 24.36°F 3.20¢ 7.75¢ 2.788
Cis GJCA-1 x Balanagar 27.18® 71.03¢ 28.65° 2.45i 7.78¢d 2.85f
Cio GICA-1 x Sindhan 25.33d 79.11° 23.08fh 3.27b¢ 7.16¢ 2.54M
C2o GICA-1 x Mammoth 28.18* 71.35¢ 30.422 3.30b° 8.72% 3.322
Maximum 28.33 86.92 30.65 3.70 8.72 3.32
Minimum 22.66 57.51 16.40 245 5.98 2.32
Mean 25.49 72.81 24.84 3.12 7.48 2.79
S.Em.+ 0.397 1.173 0.415 0.046 0.123 0.040
C.D. (p =0.05) 1.14 3.36 1.20 0.33 0.35 0.12
CV.% 2.75 2.27 2.90 2.56 2.84 2.51

Note: Means followed by the same superscript letter are not significantly different at p = 0.05 according to Duncan’s Multiple Range Test

4. Conclusions

The comparative evaluation of 20 F: custard apple cross combinations demonstrated significant variation in germination behaviour
and early seedling growth under the nursery conditions of the study. Days to first emergence ranged from 22.66 to 28.33 days, while
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germination percentage ranged from 57.51 to 86.92%. Balanagar x Sindhan (Cs) combined the earliest emergence with the highest
germination percentage. Selection 11 X GJCA-1 (Cs) recorded the greatest plant height and stem diameter, whereas GJCA-1 x
Mammoth (C20) produced the greatest leaf length and leaf width. Several reciprocal combinations also differed in their performance,
indicating that cross direction may be associated with variation in early seedling traits; however, the present design did not
separately test maternal, paternal or cytoplasmic effects. These findings support the evaluation of multiple progeny traits rather than
reliance on a single early-growth character. The comparatively better-performing progenies identified here may be retained for
further nursery and field evaluation to determine whether their early advantages are maintained at subsequent growth stages.

5. Limitations

The present investigation was conducted under nursery conditions during a single season and was limited to the evaluation of
germination behaviour and early seedling growth of F1 progenies up to 90 days after sowing. Therefore, the observed differences
among cross combinations may not necessarily reflect their long-term growth performance under field conditions. Further multi-
season and multi-location evaluation of the selected F1 progenies is required to validate the consistency of their seedling vigour and
to assess their subsequent growth and performance under field conditions.
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