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INTRODUCTION 

Seeds are the reproductive structures 

of higher plants that are produced through 

sexual reproduction. This process involves 

pollination, fertilization, and subsequent 

seed development. Seeds contribute to the 

persistence of species and serve as the 

natural means for plants to populate new 

areas through generative growth. This is 

achieved through seed dispersal, which 

transports propagules to suitable sites for 

establishment. Seed-based propagation has 

advantages and limitations. It enables the 

production of large numbers of propagules 

within a given period and facilitates broad 

geographic distribution, yet the resulting 

offspring show substantial genetic 

variability because sexual reproduction 

reshuffles genetic material. Even so, 

polyembryony in some species can yield 

genetically uniform nucellar seedlings that 

are useful for producing uniform rootstocks. 

Polyembryony is the occurrence of 

two or more embryos within a single seed. 

It is commonly found in angiosperms such 

as avocado, cacao, citrus, jackfruit, duku or 

langsat, durian, rambutan, and mango, 

which show polyembryony in their seeds. 

Polyembryony can arise through several 

pathways. In cleavage polyembryony, the 

zygote or proembryo divides into two or 

more parts and each part develops into an 

embryo. Additional embryos can also 

originate from cells inside the embryo sac, 

for example synergids that proliferate 

without fertilization, alongside the zygotic 

embryo and sometimes from a second 

embryo sac. Embryos may develop from 

tissues outside the embryo sac, such as the 

nucellus or the integuments, that later grow 
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into the embryo sac and are nourished by 

the endosperm. A further possibility is the 

development of embryos from another 

embryo sac within the same ovule. In some 

cases, polyembryony can be induced by 

external stimuli.
 

 
Figure 1. Manggo seeds 

 

The horticultural value of 

polyembryony is considerable. It can 

produce uniform seedlings comparable to 

those obtained through vegetative 

propagation. In citrus, nucellar or adventive 

embryos yield seedling rootstocks that are 

vigorous, possess a strong tap root, and are 

often virus free, which makes them superior 

as rootstocks compared with cuttings. 

Polyembryony-based seedling production 

can also restore vigor that may be lost after 

repeated vegetative propagation. In 

addition, horticultural breeding programs in 

some species have obtained haploid plants 

through induced parthenogenesis or related 

techniques. 

Mango is considered a medicinal plant 

because many of its parts are used 

therapeutically. The roots, bark, and fruit 

contain constituents with anti-inflammatory 

and laxative properties, while the flowers 

and leaves are traditionally used to manage 

constipation, boils, wounds, diarrhea, and 

anemia 

Mango can be propagated by seed 

through generative reproduction and by 

vegetative methods such as budding and 

grafting. Budding and grafting use 

rootstocks raised from seeds or from 

nursery seedlings. Mango seeds exhibit 

polyembryony in addition to containing a 

zygotic embryo. Polyembryony arises 

through two mechanisms. One is 

amphimixis, in which the sperm cell fuses 

with the egg cell to form a zygotic embryo. 

The other is apomixis, in which embryos 

form without fertilization, typically from 

nucellar tissues. In many cultivars these 

processes occur within the same ovule and 

can produce one or more embryos in a 

single seed, a condition known as 

polyembryony. 

The success of mango cultivation also 

depends on site conditions. Mango shows 

broad adaptability and can grow at low and 

higher elevations, and it tolerates regions 

with relatively low rainfall. To achieve 

optimal production, temperature and 

humidity during flowering and fruit set need 

to be suitable for pollen performance and 

fertilization. The soil should be friable and 

well aerated, with a balanced proportion of 

sand and clay, and an optimal pH between 

5.5 to 7.5. 

RESEARCH METHOD 

Research Site and Period  

The study was conducted in Eris 

Village, Eris District, in the Plant Science 

Laboratory of the Faculty of Agriculture 

and in a shade house, over eight months 

from May 2024 to December 2024. Use of 
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shade houses and laboratory–nursery 

workflows is common practice in seedling 

research and nursery production, which 

aligns with this design. 

Materials and Equipment 

The materials and equipment 

comprised mango seeds; urea and NPK 

fertilizers; the insecticide carbofuran 

marketed as Furadan; the fungicide copper 

oxide marketed as Nordox; the herbicide 

glyphosate marketed as Roundup; bamboo 

stakes; plastic ties; a sprayer; a hoe; a 

machete; a woven tray known locally as a 

nyiru; pipettes; germination boxes; Petri 

dishes; hoses; and administrative supplies 

including markers, HVS paper, pens, 

folders, labels, and printer ink. Use of 

pesticides and fungicides in mango 

nurseries and orchards is documented in the 

mango pest and disease management 

literature, and nursery practice reviews 

describe comparable inputs and tools. 

Methods 

The research proceeded in stages. A 

preliminary survey was followed by a 

laboratory study to examine and test 

polyembryonic mango seeds collected in 

the survey. The observed variables included 

seed viability, seed vigor, and a set of 

seedling vigor indicators comprising leaf 

number, leaf area, seedling height, root 

mass, stem diameter, and seedling age. A 

seedling trial was then established in Eris 

Village using a randomized complete block 

design with five treatments and four 

replications.  

Data were analyzed by analysis of 

variance, and when treatment effects were 

significant the means were compared using 

the Least Significant Difference test at the 

five percent level. 

RESULTS AND DISCUSSION 

This section presents the outcomes of 

the germination test conducted on 

polyembryonic mango seeds. Seed viability 

was quantified as the percentage of normal 

seedlings at the end of the standard 

germination test. Seed vigor was expressed 

as a time-based metric in days, interpreted 

as mean germination time, in which lower 

values indicate faster and more uniform 

emergence. These measures capture 

complementary dimensions of 

physiological seed quality. 

 

Table 1. Percentage of mango seed viability and seed vigor 
Treatment Seed Viability (%) Seed Vigor (days) 

Germinated seeds 85 % 3,243 

 

Interpretation of Table 1. The 

germination test yielded a viability of 

eighty-five percent, indicating that most 

seeds produced normal seedlings under the 

test conditions. The vigor value of 3.243 

days reflects a relatively rapid and 

synchronous emergence for this lot, since 

shorter mean germination times are 

associated with greater seed vigor. 

Together, these indices suggest that the seed 

lot is suitable for subsequent nursery work 

and field evaluation 

This study aimed to characterize the 

attributes of polyembryony in mango seeds, 

to determine whether polyembryonic seeds 

can be used as a seed source, to quantify the 

number of seedlings produced, and to 

examine the relationship between 

polyembryony and mango seedling growth. 

The observations focused on seed viability 

and seed vigor. Seeds with viability greater 

than eighty percent meet the requirements 

for further development, because seed 

quality is strongly influenced by 

physiological attributes such as viability 

and vigor. In addition, seed quality can be 

assessed through physical factors, namely 

seed purity, and genetic factors that 

determine the superior characteristics of a 

seed lot. According to Kamil (1982), high-
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quality seeds must satisfy genetic criteria 

such as high productivity, resistance to pests 

and diseases, and responsiveness to growth 

conditions, along with physical criteria that 

include purity, freedom from debris or 

insects, and appropriate moisture content. 

In general, seeds with high vigor tend 

to show high viability, although a high level 

of viability is not always accompanied by 

the same level of vigor. Viability reflects 

the proportion of seeds that germinate, 

whereas vigor refers to the capacity for 

rapid and uniform germination and robust 

seedling establishment, which is often 

captured by the speed of germination. It is 

also possible to observe high vigor under 

laboratory conditions while vigor declines 

in the field, which warrants further 

investigation under realistic nursery or field 

environments. 

The following results summarize the 

mean effects of the seed treatments on three 

early growth attributes of mango seedlings, 

namely plant height, leaf number, and stem 

diameter at the final observation. These 

traits are commonly used as practical 

indicators of seedling vigor and early 

vegetative performance in nursery studies, 

and they tend to covary during 

establishment. 

 

Table 1. Variables and the convergent validity assessment of the model 

Treatment Plant Height (cm) Leaf Number Stem Diameter (cm) 

Whole mango seed 1 (Z1) 53.22 5.75 0.59 

Whole mango seed 2 (U2) 32.72 4.50 0.47 

Whole mango seed 3 (U3) 36.00 4.50 0.46 

Split mango seed into two (B2) 29.20 4.75 0.46 

Split mango seed into three (B3) 34.67 4.50 0.45 

 

The whole-seed treatment labeled Z1 

produced the tallest seedlings and the 

largest stem diameter, with a slight 

advantage in leaf number compared with 

the other treatments. Treatments that 

involved splitting the seed showed lower 

means for height and stem thickness. This 

pattern is consistent with the role of intact 

cotyledons as reserve tissues that support 

early growth, because damage or removal of 

cotyledon tissue can reduce seedling growth 

and vigor. The use of plant height, leaf 

number, and stem diameter as summary 

indicators of early vigor is well established 

in mango seedling evaluations. 

Based on the statistical analysis, plant 

height, leaf number, and stem diameter did 

not differ significantly among treatments. 

The effects of the whole-seed zygotic 

treatment, whole-seed treatments two and 

three, and the split-seed treatments were 

therefore comparable for seedling growth. 

This finding indicates that both zygotic and 

polyembryonic seed sources can be used to 

produce planting material under the 

conditions of this study. 

For plant height, leaf number, and 

stem diameter, the absence of significant 

differences among the zygotic whole-seed 

treatment and the polyembryonic treatments 

that used whole and split seeds can be 

explained by internal and external 

determinants of early growth. Internal 

factors include the quality and quantity of 

endosperm reserves and the intrinsic 

viability of the embryo, whereas external 

factors include the supply of nutrients and 

adequate space that permits optimal growth. 

Successful mango cultivation depends 

on a reliable supply of high-quality 

seedlings that can establish and develop 

well in the field. The zygotic seedling from 

a whole seed originates from the fusion of 

the male sperm cell and the egg cell, while 

polyembryonic seeds also yield nucellar 

seedlings that are genetically uniform with 
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the mother tree and are widely used as 

rootstocks. Seed quality encompasses 

genetic and physical purity as well as 

physiological attributes such as viability 

and vigor, which together determine 

performance.  

Stem diameter and plant height 

function as practical indicators of seedling 

vigor and vegetative performance in mango 

nurseries. Larger stem diameter and greater 

height generally reflect stronger vegetative 

growth, which supports later reproductive 

development. The use of these traits as 

vigor indicators in mango seedling 

evaluations is documented in nursery and 

rootstock studies. 

The next results summarize the mean 

effects of the seed treatments on leaf area 

and root weight at the final observation. 

Leaf area provides a proxy for 

photosynthetic capacity and early shoot 

development, while root biomass reflects 

belowground resource acquisition and the 

ability of seedlings to establish. Together, 

these metrics are widely used as indicators 

of seedling vigor in nursery studies. 

 

Table 3. Mean effects of mango seed treatments on leaf area and root weight. 

Treatment Leaf Area (cm²) Root Weight (g) 

Whole mango seed 1 (Z1) 314.94 3.40 b 

Whole mango seed 2 (U2) 222.30 2.82 b 

Whole mango seed 3 (U3) 130.57 1.37 a 

Split mango seed into two (B2) 135.50 1.45 a 

Split mango seed into three (B3) 232.71 1.60 a 

LSD 5%  0.43 

Note. Means followed by the same letter are not significantly different according to the Least Significant Difference test at 

the five percent level. 

 

Leaf area varied among treatments, 

although no mean separation letters were 

provided for this trait, so statistical 

differences cannot be inferred from the 

table. Root weight showed significant 

differences at the five percent level. The 

whole-seed treatments Z1 and U2 formed a 

homogeneous group with higher root 

biomass than U3, B2, and B3, which formed 

a second homogeneous group. Greater root 

biomass is consistent with stronger seedling 

vigor and improved establishment potential 

under nursery and field conditions. The use 

and interpretation of letter groupings for 

mean separation with the LSD procedure 

are standard practice in horticultural 

experiments. 

Figure 2 presents the mean values of 

four early growth variables of mango 

seedlings, namely plant height, leaf number, 

stem diameter, and leaf area at the final 

observation. The treatment codes are read as 

follows. Z1 denotes the whole seed that 

produced the zygotic seedling. U2 and U3 

denote two and three seedlings that arose 

from intact polyembryonic seeds. B2 and 

B3 denote two and three seedlings that arose 

from split polyembryonic seeds. The graph 

provides a descriptive view that 

complements the numerical summaries in 

the tables. 

As we can see from Figure 2, Z1 

shows the highest overall performance, with 

the greatest height, stem diameter, and leaf 

area. U2 lies in an intermediate position. U3 

and B2 exhibit the smallest leaf areas 

together with relatively low height and 

diameter. B3 shows a partial recovery in 

leaf area while stem diameter remains 

small. The small gaps among treatments for 

height, leaf number, and stem diameter are 

consistent with the earlier statistical test that 

detected no significant differences for these 

three traits. Leaf area varies more clearly, 

which suggests that seed integrity may be 

associated with early canopy development. 
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These descriptive patterns should be 

interpreted together with the ANOVA and 

mean separation results in the tables, so the 

main conclusion remains that zygotic and 

polyembryonic seed sources perform 

comparably at the seedling stage under the 

conditions of this study. 

Figure 3 documents the germination 

workflow used for mango seeds in this 

study. Seeds were extracted, cleaned to 

remove adhering pulp, and sorted to exclude 

damaged seed material. Clean seeds were 

then sown in nursery trays filled with a well 

drained potting medium. Seeds were placed 

horizontally at uniform spacing and covered 

lightly, practices that favor rapid and 

uniform emergence. Trays under protected 

conditions help standardize moisture and 

temperature during early establishment.

 
Figure 2. Average Plant Height, Number of Leaves, Stem Diameter and Leaf Area 

 

 
Figure 3. Mango Seed Germination. 

 

After Figure 3. The first panel shows 

cleaned and sorted seeds prepared for 

sowing. The second panel shows seeds 

arranged in uniform rows in trays 

containing the growth medium. This layout 

provides consistent spacing and a 
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comparable microenvironment across 

treatments. Such standardization is 

important because the composition of the 

medium, sowing depth, and seed orientation 

can influence germination percentage, 

emergence speed, and early seedling 

growth. Faster emergence is reflected by a 

lower mean germination time, which is a 

widely used vigor metric in seed studies. 

The sequence illustrated in Figure 2 

therefore represents common nursery 

practice for establishing mango seedlings 

for experimental evaluation. 

Figure 4 depicts a normal zygotic 

mango seedling that serves as the reference 

phenotype in this study. A single shoot 

emerges from the cotyledonary node and 

bears typical juvenile leaves. The hypocotyl 

and epicotyl are clearly elongated, and the 

primary taproot is intact with the initiation 

of lateral roots. The overall balance between 

shoot and root growth indicates healthy 

establishment under the germination 

conditions used.

 

 
Figure 4. Normal zygotic mango seedling 

 

This morphology is characteristic of 

seedlings produced by sexual fertilization. 

The single main stem, the continuous 

taproot axis, and the uniform juvenile leaf 

form distinguish it from seedlings of 

polyembryonic origin that may show 

variable vigor or the emergence of multiple 

shoots. In the evaluation of treatment 

effects, the zygotic seedling functions as a 

benchmark against which the performance 

of seedlings from polyembryonic seeds is 

compared. The reference phenotype 

supports the conclusion that early 

differences among treatments are modest 

and are expressed more clearly in traits such 

as leaf area and root biomass than in shoot 

architecture. 

Figure 5 documents normal 

polyembryonic seedlings of mango. In 

polyembryonic cultivars, a single seed 

typically carries one sexually derived 

zygotic embryo together with several 

somatic or nucellar embryos that are 

genetically identical to the mother plant. 

The emergence of two or more seedlings 

from the same seed is a characteristic 

expression of this reproductive mode and is 

the basis for using polyembryonic seedlings 

as uniform rootstocks in mango nurseries. 
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Figure 5. Normal polyembryonic mango seedlings 

Figure 5. shown two expressions of 

polyembryony at the seedling stage. The left 

panel displays one vigorous seedling 

accompanied by a smaller companion 

seedling that both originate from a single 

seed, while the right panel shows two 

vigorous seedlings and a third smaller shoot 

emerging from the same seed tissue. These 

patterns are consistent with nucellar 

embryony, which produces multiple 

seedlings that are usually uniform, whereas 

the zygotic seedling often emerges later and 

may be less vigorous. The visual distinction 

between nucellar and zygotic seedlings is 

supported by morphological and molecular 

studies that document multiple independent 

shoots arising from a single polyembryonic 

seed. 

Figure 6 documents abnormal mango 

seedlings observed during the germination 

phase. In this study, seedlings were 

classified as abnormal when they failed to 

develop a balanced axis consisting of a 

healthy shoot and a functional primary root 

system, or when extensive tissue damage 

and decay prevented normal development. 

Such abnormalities reduce the effective 

stand establishment and can confound vigor 

assessments if not recorded separately from 

normal seedlings. 

 

 
Figure 6. Abnormal mango seedlings 

Figure 6 shows representative defects 

captured at the time of evaluation. The 

seedlings display necrotic or damaged 

cotyledonary tissues, shortened or poorly 

branched radicles, and uneven shoot 

emergence. These symptoms are consistent 

with mechanical injury incurred during seed 

preparation, deterioration following 

prolonged moisture or microbial 

contamination, and competition among 
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embryos within polyembryonic seeds that 

can leave some sprouts weak and 

underdeveloped. The presence of these 

abnormal seedlings helps explain variation 

in early growth and underscores the need to 

distinguish normal seedlings for viability 

calculations and to interpret vigor indices 

with caution. 

Figure 7 illustrates the field nursery 

established for the seedling phase of the 

experiment. Raised beds were prepared to 

improve drainage and soil aeration, and 

each plot was clearly labeled to ensure 

traceability of treatments during data 

collection. Seedlings were transplanted at 

uniform spacing to minimize competition 

for light and nutrients. The surface of the 

planting holes was lightly mulched to help 

conserve moisture and suppress early weed 

emergence. The arrangement of beds and 

irrigation lines facilitated consistent 

watering and simplified routine 

maintenance throughout the observation 

period. 

 

 
Figure 7. Nursery beds with mango seedlings 

 

The first panel shows a series of well-

formed raised beds with plot markers 

aligned along the rows, indicating the 

experimental layout used for the 

randomized blocks. The remaining panels 

present close views of representative 

seedlings that display the characteristic 

bronze juvenile leaves of mango and an 

upright, healthy shoot axis. The mulch 

surrounding each plant indicates standard 

nursery practice to stabilize soil temperature 

and moisture. The uniform appearance of 

the seedlings and the clear labeling of plots 

support reliable measurements of early 

growth traits such as height, leaf number, 

stem diameter, and leaf area in subsequent 

evaluations. 

Figure 8 documents the field 

monitoring stage of the experiment, when 

mango seedlings were evaluated in the 

nursery beds. Observations focused on the 

same early growth attributes used in the 

analysis, namely plant height, leaf number, 

stem diameter, and general seedling vigor. 

The photographs illustrate the condition of 

representative plants at the time of 

measurement and provide visual context for 

the numerical results reported in the tables. 

The panels show healthy seedlings 

with upright stems and the characteristic 

bronze juvenile leaves that are transitioning 

to green. The first image presents a single 

vigorous seedling with a well elongated 

main stem. The second and third images 

show planting points where more than one 

shoot is present, which is consistent with 

seedlings arising from polyembryonic 

seeds. Across the views, leaf expansion 

appears uniform and the stems are sturdy, 

which supports the conclusion that early 
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vegetative growth among treatments was 

broadly comparable under the nursery 

conditions of this study. 

 

 
Figure 8. Observation of mango seedlings 

 

Figure 9 illustrates the procedure used 

to obtain measurements of leaf area and root 

weight. Seedlings were carefully uprooted, 

the root systems were washed free of 

substrate, and excess surface moisture was 

removed before weighing. Root weight was 

recorded on a digital balance as fresh 

weight, which is common in seedling 

studies, while recognizing that dry weight 

can provide a more stable index of biomass. 

Leaf blades were detached and arranged flat 

for measurement. Leaf area can be 

determined non-destructively from simple 

linear dimensions or by planimetric 

methods, both of which are widely used in 

mango and other horticultural crops. 

 

 
 

 

The first panels show harvested 

seedlings with the shoots and cleaned root 

systems ready for measurement. The second 

panel shows the leaves spread flat alongside 

a ruler and cutting tools, a setup that 

facilitates recording leaf length and width or 

scanning for planimetric analysis. The third 

panel shows the root system on a digital 

balance with a fresh weight of 2.3 grams. 

Together these images document the 

workflow used to generate the leaf area and 

root biomass data reported in the tables and 

figures of this study 

CONCLUSIONS 

The study shows that the mango seed 

lots used, namely the zygotic lot Z1 and the 

intact polyembryonic lots that produced two 
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and three seedlings, reached viability levels 

above eighty five percent, which meets 

common thresholds for quality seed. Mean 

germination time indicated good vigor of 

the lot as a whole. Across the core 

vegetative variables of plant height, leaf 

number, and stem diameter there were no 

statistically significant differences among 

Z1, the intact polyembryonic treatments, 

and the split seed treatments, which means 

early growth in the nursery was broadly 

comparable regardless of seed origin. Leaf 

area varied more markedly in a descriptive 

sense, with the intact zygotic treatment 

tending to be higher, while the Least 

Significant Difference test detected 

separation for root weight, where Z1 and U2 

formed a higher group than U3, B2, and B3. 

Taken together, these findings indicate that 

polyembryonic seeds, whether sown intact 

or after splitting, can be considered suitable 

sources of planting material alongside 

zygotic seeds under the conditions of this 

experiment, with a possible advantage in 

belowground biomass for some intact 

treatments and a tendency for larger leaf 

area when cotyledons remain whole. 

Further work is recommended to 

sharpen and extend these conclusions. 

Future experiments should verify the origin 

of seedlings in polyembryonic lots so that 

nucellar and zygotic seedlings can be 

distinguished with confidence, follow 

seedling cohorts from nursery to field to test 

whether early similarities persist into 

establishment and yield, and examine a 

wider range of environments, substrates, 

and management regimes that may interact 

with seed integrity and embryo number. It 

would be valuable to compare additional 

polyembryonic sources beyond avocado, 

cacao, citrus, and jackfruit to include duku, 

langsat, and rambutan, to test the generality 

of responses. Studies that standardize 

sowing depth and orientation, quantify the 

effects of splitting on cotyledon reserves, 

include both fresh and dry biomass 

measurements, and assess practical traits 

such as survival, disease tolerance, and graft 

compatibility will provide clearer, deeper, 

and more accurate evidence on how 

polyembryony can be used to produce 

reliable seed and rootstock material. 

ACKNOWLEDGEMENT 

This research was funded by DIPA 

UNSRAT 2025. 

REFERENCE 

Arellano-Durán N., Villegas-Monter Á., 

Muñoz-Orozco A. 2018. Optimum 

sample size in quantitative 

characteristics of seeds of 

polyembryonic mango. Revista 

Brasileira de Fruticultura (2018). 

doi: 10.1590/0100-29452018519 

Alcalá-Rico J. S. G. J., Espinoza-

Velázquez J., López-Benítez A., 

Borrego-Escalante F., Rodriguez-

Herrera R., Hernández-Martínez R. 

2019. Agronomic performance of 

maize (Zea mays l.) populations 

segregating the polyembryony 

mutant. Revista de la Facultad de 

Ciencias Agrarias (2019) 51(1), 1–

18. 

https://revistas.uncu.edu.ar/ojs3/inde

x.php/RFCA/issue/view/217  

Aleza P., Juárez J., Ollitrault P., Navarro L. 

2010. Polyembryony in non-

apomictic citrus genotypes. Annals of 

Botany (2010). doi: 

10.1093/aob/mcq148 

Baptista J. O., Lopes J. C., Schmildt E. R., 

de Araujo C. P., Alexandre R. S. 

2020. Grafting methods and use of 

fasteners in monoembryonic, 

polyembryonic, and multi-stemmed 

jaboticaba (Plinia jaboticaba (Vell) 

Berg) seedlings. Comunicata 

Scientiae (2020). doi: 

10.14295/cs.v11i0.3158 

Bittencourt N. S., Moraes C. I. G. 2010. 

Self-fertility and polyembryony in 

South American yellow trumpet trees 

(Handroanthus chrysotrichus and H. 

https://ejournal.unsrat.ac.id/index.php/samrat-agrotek
https://www.mendeley.com/authors/57202502021
https://www.mendeley.com/authors/56000814800
https://www.mendeley.com/authors/12751933400
https://www.mendeley.com/catalogue/1763b1de-2eb5-3668-b6da-c669171611a1
https://www.mendeley.com/catalogue/1763b1de-2eb5-3668-b6da-c669171611a1
https://www.mendeley.com/catalogue/1763b1de-2eb5-3668-b6da-c669171611a1
https://www.mendeley.com/catalogue/1763b1de-2eb5-3668-b6da-c669171611a1
https://dx.doi.org/10.1590/0100-29452018519
https://www.mendeley.com/authors/57203724903
https://www.mendeley.com/authors/24922478300
https://www.mendeley.com/authors/24922478300
https://www.mendeley.com/authors/6506276899
https://www.mendeley.com/authors/6506761141
https://www.mendeley.com/authors/55996458500
https://www.mendeley.com/authors/55996458500
https://www.mendeley.com/authors/57209714571
https://www.mendeley.com/catalogue/2c0e3a05-c5b6-3624-a155-a1bb6536a483
https://www.mendeley.com/catalogue/2c0e3a05-c5b6-3624-a155-a1bb6536a483
https://www.mendeley.com/catalogue/2c0e3a05-c5b6-3624-a155-a1bb6536a483
https://www.mendeley.com/catalogue/2c0e3a05-c5b6-3624-a155-a1bb6536a483
https://revistas.uncu.edu.ar/ojs3/index.php/RFCA/issue/view/217
https://revistas.uncu.edu.ar/ojs3/index.php/RFCA/issue/view/217
https://www.mendeley.com/authors/30267521800
https://www.mendeley.com/authors/7005863661
https://www.mendeley.com/authors/6602788846
https://www.mendeley.com/authors/56193026100
https://www.mendeley.com/catalogue/84f678ba-946a-3191-831e-281d361b8b18
https://www.mendeley.com/catalogue/84f678ba-946a-3191-831e-281d361b8b18
https://dx.doi.org/10.1093/aob/mcq148
https://www.mendeley.com/authors/57216439815
https://www.mendeley.com/authors/23994070200
https://www.mendeley.com/authors/6506830261
https://www.mendeley.com/authors/57202535535
https://www.mendeley.com/authors/8324361900
https://www.mendeley.com/catalogue/9a72b8d0-b2ca-30e7-929d-0ea2eabe36a3
https://www.mendeley.com/catalogue/9a72b8d0-b2ca-30e7-929d-0ea2eabe36a3
https://www.mendeley.com/catalogue/9a72b8d0-b2ca-30e7-929d-0ea2eabe36a3
https://www.mendeley.com/catalogue/9a72b8d0-b2ca-30e7-929d-0ea2eabe36a3
https://www.mendeley.com/catalogue/9a72b8d0-b2ca-30e7-929d-0ea2eabe36a3
https://dx.doi.org/10.14295/cs.v11i0.3158
https://www.mendeley.com/authors/13604895000
https://www.mendeley.com/authors/36608673200
https://www.mendeley.com/catalogue/39c50cfe-1ee6-3e6f-8a40-9cbd9e33f1d5
https://www.mendeley.com/catalogue/39c50cfe-1ee6-3e6f-8a40-9cbd9e33f1d5
https://www.mendeley.com/catalogue/39c50cfe-1ee6-3e6f-8a40-9cbd9e33f1d5


 
 
Walingkas et al.                     VOLUME 6 NOMOR 2 July-December 2025 

https://ejournal.unsrat.ac.id/index.php/samrat-agrotek 

322 
 

ochraceus, Bignoniaceae): A 

histological study of postpollination 

events. Plant Systematics and 

Evolution (2010). doi: 

10.1007/s00606-010-0313-2 

Cobacho S. P., Grol N. A., Dros T. A., 

Dekkers D. T., Christianen M. J. 

2022. First evidence of 

polyembryony in black mangrove 

Avicennia germinans. Botanica 

Marina. doi: 10.1515/bot-2022-0006. 

Cruz-Requena M., Espinoza-Velázquez J., 

Aguilar C. N., Rodríguez-Herrera R. 

2023. Polyembryony improvement 

effect on chemical and physical traits 

of maize grain. Food and Humanity 

(2023). doi: 

10.1016/j.foohum.2023.05.003 

Daniel G. A., Shivashankara K. S. 2023. 

Metabolite changes during the 

development of ovaries in 

monoembryonic and polyembryonic 

mango (Mangifera indica L.) 

genotypes. Plant Physiology Reports 

(2023). doi: 10.1007/s40502-023-

00756-2 

de Souza Ferreira D. N., Camargo J. L. C., 

Ferraz I. D. K. 2019. Do 

polyembryonic seeds of carapa 

surinamensis (Meliaceae) have 

advantages for seedling 

development? Acta Amazonica 

(2019). doi: 10.1590/1809-

4392201801211 

Duarte F. E. V. d. O., Barros D. d. R., 

Girardi E. A., Soares Filho W. d. S., 

Passos O. S. 2013. Polyembryony and 

morphological seed traits in citrus 

rootstocks. Revista Brasileira de 

Fruticultura (2013). doi: 

10.1590/S0100-29452013000100028 

Filho W. D. S. S., Souza U., Ledo C. A. D. 

S., Santana L. G. L., Passos O. S. 

2014. Polyembryony and potential of 

hybrid production in citrus. Revista 

Brasileira de Fruticultura (2014). 

doi: 10.1590/0100-2945-345/13 

Fukai S., Shimomura T., Kondo T. 2000. 

Morphological observation of 

polyembryony in Ophiopogon 

japonicus (Liliaceae). Journal of the 

Japanese Society for Horticultural 

Science (2000). doi: 

10.2503/jjshs.69.614 

Gutiérrez-López A. J., Espioza-Velázquez 

J., Flores-Gallegos A. C., López-

Benitez A., Ruiz-Torres N. A., 

Rodríguez-Herrera R. 2019. Absence 

of Concordance between 

Polyembryony and Apomixis in 

Maize Confirmed through DNA 

Sequencing. Ecosistemas y Recursos 

Agropecuarios (2019). doi: 

10.19136/era.a6n18.2111 

Garcia-Ortiz J. D., Flores-Gallegos A. C., 

Espinoza-Velázquez J., Ascacio-

Valdés J. A., Nery-Flores S. D., 

Rodríguez-Herrera R. 2023. 

Morphological, physicochemical, 

techno-functional, phytochemical, 

and antioxidant evaluation of 

polyembryonic and non-

polyembryonic maize sprouts. 

Biocatalysis and Agricultural 

Biotechnology (2023). doi: 

10.1016/j.bcab.2022.102583 

Inoue H., Yoshimura J., Iwabuchi K. 2014. 

Gene expression of protein-coding 

and non-coding rnas related to 

polyembryogenesis in the parasitic 

wasp, copidosoma floridanum. PLoS 

ONE (2014). doi: 

10.1371/journal.pone.0114372 

Gontes-Pérez I. C., Garcia-Ortiz J. D., 

Espinoza-Velázquez J., Lopez-

Badillo C. M., Martínez-Ávila G. C., 

Rodríguez-Herrera R.. 2023. Effects 

of growth conditions on the 

physicochemical, mineral, and amino 

acid profile of polyembryonic maize. 

Cereal Chemistry (2023) doi: 

10.1002/cche.10710 

Kashyap K., Banu S., Shrivastava M. N., 

Ramchiary N. 2018. Study of 

polyembryony and development of 

molecular markers for identification 

https://ejournal.unsrat.ac.id/index.php/samrat-agrotek
https://www.mendeley.com/catalogue/39c50cfe-1ee6-3e6f-8a40-9cbd9e33f1d5
https://www.mendeley.com/catalogue/39c50cfe-1ee6-3e6f-8a40-9cbd9e33f1d5
https://www.mendeley.com/catalogue/39c50cfe-1ee6-3e6f-8a40-9cbd9e33f1d5
https://dx.doi.org/10.1007/s00606-010-0313-2
https://www.mendeley.com/authors/57203835354
https://www.mendeley.com/authors/57824382200
https://www.mendeley.com/authors/57823843600
https://www.mendeley.com/authors/57824248700
https://www.mendeley.com/authors/9736789900
https://www.mendeley.com/catalogue/8e64c5ad-6a47-3b04-bb7e-ed70c366b853
https://www.mendeley.com/catalogue/8e64c5ad-6a47-3b04-bb7e-ed70c366b853
https://www.mendeley.com/catalogue/8e64c5ad-6a47-3b04-bb7e-ed70c366b853
https://dx.doi.org/10.1515/bot-2022-0006
https://www.mendeley.com/catalogue/aedeed66-86fb-31c5-8bad-eb3411f0e639
https://www.mendeley.com/catalogue/aedeed66-86fb-31c5-8bad-eb3411f0e639
https://www.mendeley.com/catalogue/aedeed66-86fb-31c5-8bad-eb3411f0e639
https://dx.doi.org/10.1016/j.foohum.2023.05.003
https://www.mendeley.com/authors/58685556100
https://www.mendeley.com/authors/6602837038
https://www.mendeley.com/catalogue/61494de4-8401-3661-ad24-9db731a8d4e5
https://www.mendeley.com/catalogue/61494de4-8401-3661-ad24-9db731a8d4e5
https://www.mendeley.com/catalogue/61494de4-8401-3661-ad24-9db731a8d4e5
https://www.mendeley.com/catalogue/61494de4-8401-3661-ad24-9db731a8d4e5
https://www.mendeley.com/catalogue/61494de4-8401-3661-ad24-9db731a8d4e5
https://dx.doi.org/10.1007/s40502-023-00756-2
https://dx.doi.org/10.1007/s40502-023-00756-2
https://www.mendeley.com/authors/57191965684
https://www.mendeley.com/authors/7006614520
https://www.mendeley.com/authors/6603613821
https://www.mendeley.com/catalogue/dcdf27ba-70df-36d9-af0b-cfb73874f1b8
https://www.mendeley.com/catalogue/dcdf27ba-70df-36d9-af0b-cfb73874f1b8
https://www.mendeley.com/catalogue/dcdf27ba-70df-36d9-af0b-cfb73874f1b8
https://www.mendeley.com/catalogue/dcdf27ba-70df-36d9-af0b-cfb73874f1b8
https://www.mendeley.com/catalogue/dcdf27ba-70df-36d9-af0b-cfb73874f1b8
https://dx.doi.org/10.1590/1809-4392201801211
https://dx.doi.org/10.1590/1809-4392201801211
https://www.mendeley.com/authors/55992419600
https://www.mendeley.com/authors/55992465500
https://www.mendeley.com/authors/8852602300
https://www.mendeley.com/authors/6602338553
https://www.mendeley.com/authors/55662864400
https://www.mendeley.com/catalogue/b5fb9068-830e-34ce-b662-52e8a376ef81
https://www.mendeley.com/catalogue/b5fb9068-830e-34ce-b662-52e8a376ef81
https://www.mendeley.com/catalogue/b5fb9068-830e-34ce-b662-52e8a376ef81
https://dx.doi.org/10.1590/S0100-29452013000100028
https://www.mendeley.com/authors/56432475300
https://www.mendeley.com/authors/55471327500
https://www.mendeley.com/authors/35581497300
https://www.mendeley.com/authors/35581497300
https://www.mendeley.com/authors/56514831100
https://www.mendeley.com/authors/55662864400
https://www.mendeley.com/catalogue/a2372df1-b2f5-31d6-acd3-eb487fcab46e
https://www.mendeley.com/catalogue/a2372df1-b2f5-31d6-acd3-eb487fcab46e
https://dx.doi.org/10.1590/0100-2945-345/13
https://www.mendeley.com/authors/25630525700
https://www.mendeley.com/authors/25631539400
https://www.mendeley.com/authors/55450773000
https://www.mendeley.com/catalogue/d9a5d6da-2070-3bb4-a9fc-83b528e0ffb1
https://www.mendeley.com/catalogue/d9a5d6da-2070-3bb4-a9fc-83b528e0ffb1
https://www.mendeley.com/catalogue/d9a5d6da-2070-3bb4-a9fc-83b528e0ffb1
https://dx.doi.org/10.2503/jjshs.69.614
https://www.mendeley.com/catalogue/c4994a5d-8006-3859-8291-c450dbc893fe
https://www.mendeley.com/catalogue/c4994a5d-8006-3859-8291-c450dbc893fe
https://www.mendeley.com/catalogue/c4994a5d-8006-3859-8291-c450dbc893fe
https://www.mendeley.com/catalogue/c4994a5d-8006-3859-8291-c450dbc893fe
https://www.mendeley.com/catalogue/c4994a5d-8006-3859-8291-c450dbc893fe
https://dx.doi.org/10.19136/era.a6n18.2111
https://www.mendeley.com/authors/57938205800
https://www.mendeley.com/authors/55178518600
https://www.mendeley.com/authors/24922478300
https://www.mendeley.com/authors/36026665900
https://www.mendeley.com/authors/36026665900
https://www.mendeley.com/authors/56520159900
https://www.mendeley.com/authors/55996458500
https://www.mendeley.com/catalogue/84216c0c-ca31-32fb-ba0d-205adf11068c
https://www.mendeley.com/catalogue/84216c0c-ca31-32fb-ba0d-205adf11068c
https://www.mendeley.com/catalogue/84216c0c-ca31-32fb-ba0d-205adf11068c
https://www.mendeley.com/catalogue/84216c0c-ca31-32fb-ba0d-205adf11068c
https://www.mendeley.com/catalogue/84216c0c-ca31-32fb-ba0d-205adf11068c
https://dx.doi.org/10.1016/j.bcab.2022.102583
https://www.mendeley.com/authors/55587625600
https://www.mendeley.com/authors/7005207850
https://www.mendeley.com/authors/7103217505
https://www.mendeley.com/catalogue/e3700fa6-e143-33b1-a016-c32528d902ae
https://www.mendeley.com/catalogue/e3700fa6-e143-33b1-a016-c32528d902ae
https://www.mendeley.com/catalogue/e3700fa6-e143-33b1-a016-c32528d902ae
https://www.mendeley.com/catalogue/e3700fa6-e143-33b1-a016-c32528d902ae
https://dx.doi.org/10.1371/journal.pone.0114372
https://www.mendeley.com/authors/58573330900
https://www.mendeley.com/authors/57938205800
https://www.mendeley.com/authors/24922478300
https://www.mendeley.com/authors/55759015500
https://www.mendeley.com/authors/55759015500
https://www.mendeley.com/authors/56013688500
https://www.mendeley.com/authors/55996458500
https://www.mendeley.com/catalogue/01d3b278-30e9-3cb4-bd57-c4956d5f2a25
https://www.mendeley.com/catalogue/01d3b278-30e9-3cb4-bd57-c4956d5f2a25
https://www.mendeley.com/catalogue/01d3b278-30e9-3cb4-bd57-c4956d5f2a25
https://www.mendeley.com/catalogue/01d3b278-30e9-3cb4-bd57-c4956d5f2a25
https://dx.doi.org/10.1002/cche.10710
https://www.mendeley.com/catalogue/95c7a461-beb8-3a8a-9bcb-aae591050625
https://www.mendeley.com/catalogue/95c7a461-beb8-3a8a-9bcb-aae591050625
https://www.mendeley.com/catalogue/95c7a461-beb8-3a8a-9bcb-aae591050625


 
 
Walingkas et al.                     VOLUME 6 NOMOR 2 July-December 2025 

https://ejournal.unsrat.ac.id/index.php/samrat-agrotek 

323 
 

of zygotic and nucellar seedlings in 

Khasi mandarin (Citrus reticulata 

Blanco). International Journal of 

Environment, Agriculture and 

Biotechnology (2018). doi: 

10.22161/ijeab/3.2.8 

Mangla Y., Khanduri P., Gupta C. K. 2024. 

Polyembryony and Apomixis. 

Reproductive Biology of 

Angiosperms (2024). doi: 

10.1017/9781009160414.013 

Montalt R., Cuenca J., Vives M. C., 

Mournet P., Navarro L., Ollitrault P., 

Aleza P. 2023. Genotyping by 

Sequencing for SNP-Based Linkage 

Analysis and the Development of 

KASPar Markers for Male Sterility 

and Polyembryony in Citrus doi: 

10.3390/plants12071567 

Martínez-Ochoa E. D. C., Villegas-

Velázquez I., Alarcón-Zúñiga B., 

González-Hernández V. A., Villegas-

Monter A. 2022. Polyembryony in 

citrus: Does the largest embryo in the 

seed develop a nucellar seedling?.  

Scientia Agricola (2022), doi: 

10.1590/1678-992X-2020-0060 

Manshardt R. M., Wenslaff T. F. 2022. 

Zygotic Polyembryony in 

Interspecific Hybrids of Carica 

papaya and C. cauliflora. Journal of 

the American Society for 

Horticultural Science (2022). doi: 

10.21273/jashs.114.4.684 

Marinho R. C., Mendes-Rodrigues C., 

Bonetti A. M., Oliveira P. E. 2021. 

Stomatal size, ploidy and 

polyembryony in Eriotheca Stellate 

Trichome Species Complex 

(Bombacoideae – Malvaceae) in the 

Cerrados of Brazil. Plant Biology 

(2021). doi: 10.1111/plb.13177 

Michel M. R., Cruz-Requena M., 

Avendaño-Sanchez M. C., González-

Vazquez V. M., Flores-Gallegos A. 

C., Aguilar C. N., Espinoza-

Velázquez J., Rodríguez-Herrera R. 

2018. Polyembryony in Maize: A 

Complex, Elusive, and Potentially 

Agronomical Useful Trait. Maize 

Germplasm - Characterization and 

Genetic Approaches for Crop 

Improvement (2018). doi: 

10.5772/intechopen.70549 

Mendes-Rodrigues C., Sampaio D. S., 

Costa M. E., de Souza Caetano A. P., 

Ranal M. A., Júnior N. S. B., Oliveira 

P. E. 2012. Polyembryony increases 

embryo and seedling mortality but 

also enhances seed individual 

survival in Handroanthus species 

(Bignoniaceae). Flora: Morphology, 

Distribution, Functional Ecology of 

Plants (2012). doi: 

10.1016/j.flora.2011.10.008 

Yadav C. B., Rozen A., Eshed R., Ish-

Shalom M., Faigenboim A., Dillon 

N., Bally I., Webb M., Kuhn D., 

Ophir R., Cohen Y., Sherman A. 

2023. Promoter insertion leads to 

polyembryony in mango - a case of 

convergent evolution with citrus.  

Horticulture Research (2023). doi: 

10.1093/hr/uhad227 

Wang X., Xu Y., Zhang S., Cao L., Huang 

Y., Cheng J., Wu G., Tian S., Chen 

C., Liu Y., Yu H., Yang X., Lan H., 

Wang N., Wang L., Xu J., Jiang X., 

Xie Z., Tan M., Larkin R. M., Chen 

L. L., Ma B. G., Ruan Y., Deng X., 

Xu Q. 2017. Genomic analyses of 

primitive, wild and cultivated citrus 

provide insights into asexual 

reproduction. Nature Genetics (2017) 

doi: 10.1038/ng.3839 

Walingkas W., Tumewu P., Rantung M. R. 

2023. Physiological Qualities Of 

Polyembryony Seeds And Zigotes Of 

Nangka (Artocarpus integra (Thumb) 

On Seed Production. Jurnal 

Agroekoteknologi Terapan/Applied 

Agroecotechnology Journal (2023). 

doi: 10.35791/jat.v4i2.52485 

Oiyama I., Kobayashi S. 2019. 

Polyembryony in Undeveloped 

Monoembryonic Diploid Seeds 

https://ejournal.unsrat.ac.id/index.php/samrat-agrotek
https://www.mendeley.com/catalogue/95c7a461-beb8-3a8a-9bcb-aae591050625
https://www.mendeley.com/catalogue/95c7a461-beb8-3a8a-9bcb-aae591050625
https://www.mendeley.com/catalogue/95c7a461-beb8-3a8a-9bcb-aae591050625
https://dx.doi.org/10.22161/ijeab/3.2.8
https://www.mendeley.com/catalogue/e82ee7b8-228a-325e-81ea-97fd68a23575
https://dx.doi.org/10.1017/9781009160414.013
https://www.mendeley.com/authors/57209693828
https://www.mendeley.com/authors/36140931400
https://www.mendeley.com/authors/7006166449
https://www.mendeley.com/authors/36009138400
https://www.mendeley.com/authors/56193026100
https://www.mendeley.com/authors/6602788846
https://www.mendeley.com/authors/30267521800
https://www.mendeley.com/catalogue/f7501be5-cbe2-300d-b386-38a8d35fa9f6
https://www.mendeley.com/catalogue/f7501be5-cbe2-300d-b386-38a8d35fa9f6
https://www.mendeley.com/catalogue/f7501be5-cbe2-300d-b386-38a8d35fa9f6
https://www.mendeley.com/catalogue/f7501be5-cbe2-300d-b386-38a8d35fa9f6
https://www.mendeley.com/catalogue/f7501be5-cbe2-300d-b386-38a8d35fa9f6
https://dx.doi.org/10.3390/plants12071567
https://www.mendeley.com/authors/57371075700
https://www.mendeley.com/authors/57191405513
https://www.mendeley.com/authors/57191405513
https://www.mendeley.com/authors/36138539900
https://www.mendeley.com/authors/8881198600
https://www.mendeley.com/authors/56000814800
https://www.mendeley.com/authors/56000814800
https://www.mendeley.com/catalogue/a3aa2d96-b15f-310e-b975-dbff7e4a9da1
https://www.mendeley.com/catalogue/a3aa2d96-b15f-310e-b975-dbff7e4a9da1
https://www.mendeley.com/catalogue/a3aa2d96-b15f-310e-b975-dbff7e4a9da1
https://dx.doi.org/10.1590/1678-992X-2020-0060
https://www.mendeley.com/catalogue/b50555c1-90e1-36f0-b1a2-67d64787cb5d
https://www.mendeley.com/catalogue/b50555c1-90e1-36f0-b1a2-67d64787cb5d
https://www.mendeley.com/catalogue/b50555c1-90e1-36f0-b1a2-67d64787cb5d
https://dx.doi.org/10.21273/jashs.114.4.684
https://www.mendeley.com/authors/56100110100
https://www.mendeley.com/authors/8888934800
https://www.mendeley.com/authors/11839099900
https://www.mendeley.com/authors/7102098008
https://www.mendeley.com/catalogue/b34443de-d030-3581-a657-dec00896fbce
https://www.mendeley.com/catalogue/b34443de-d030-3581-a657-dec00896fbce
https://www.mendeley.com/catalogue/b34443de-d030-3581-a657-dec00896fbce
https://www.mendeley.com/catalogue/b34443de-d030-3581-a657-dec00896fbce
https://www.mendeley.com/catalogue/b34443de-d030-3581-a657-dec00896fbce
https://dx.doi.org/10.1111/plb.13177
https://www.mendeley.com/catalogue/00a4fca3-9f8a-3181-865c-a298419383b1
https://www.mendeley.com/catalogue/00a4fca3-9f8a-3181-865c-a298419383b1
https://www.mendeley.com/catalogue/00a4fca3-9f8a-3181-865c-a298419383b1
https://dx.doi.org/10.5772/intechopen.70549
https://www.mendeley.com/authors/8888934800
https://www.mendeley.com/authors/23012552100
https://www.mendeley.com/authors/35075716200
https://www.mendeley.com/authors/55151447300
https://www.mendeley.com/authors/6602818889
https://www.mendeley.com/authors/55151268100
https://www.mendeley.com/authors/7102098008
https://www.mendeley.com/authors/7102098008
https://www.mendeley.com/catalogue/81bca586-52f3-370a-9b3a-d07a0da6ab84
https://www.mendeley.com/catalogue/81bca586-52f3-370a-9b3a-d07a0da6ab84
https://www.mendeley.com/catalogue/81bca586-52f3-370a-9b3a-d07a0da6ab84
https://www.mendeley.com/catalogue/81bca586-52f3-370a-9b3a-d07a0da6ab84
https://www.mendeley.com/catalogue/81bca586-52f3-370a-9b3a-d07a0da6ab84
https://dx.doi.org/10.1016/j.flora.2011.10.008
https://www.mendeley.com/authors/56089157400
https://www.mendeley.com/authors/56613086700
https://www.mendeley.com/authors/24337880100
https://www.mendeley.com/authors/46661125600
https://www.mendeley.com/authors/46661125600
https://www.mendeley.com/authors/8722544900
https://www.mendeley.com/authors/55536647900
https://www.mendeley.com/authors/55536647900
https://www.mendeley.com/authors/6602667389
https://www.mendeley.com/authors/57208390866
https://www.mendeley.com/authors/56821090500
https://www.mendeley.com/authors/7003400036
https://www.mendeley.com/authors/35291363300
https://www.mendeley.com/authors/7201764096
https://www.mendeley.com/catalogue/b93e90a0-0bc8-3bcb-b8aa-898ad80e281b
https://www.mendeley.com/catalogue/b93e90a0-0bc8-3bcb-b8aa-898ad80e281b
https://www.mendeley.com/catalogue/b93e90a0-0bc8-3bcb-b8aa-898ad80e281b
https://dx.doi.org/10.1093/hr/uhad227
https://www.mendeley.com/authors/56255818700
https://www.mendeley.com/authors/56255212400
https://www.mendeley.com/authors/57193871478
https://www.mendeley.com/authors/55522819800
https://www.mendeley.com/authors/57193864318
https://www.mendeley.com/authors/57193864318
https://www.mendeley.com/authors/57190610585
https://www.mendeley.com/authors/56970044800
https://www.mendeley.com/authors/56534547600
https://www.mendeley.com/authors/7501950605
https://www.mendeley.com/authors/7501950605
https://www.mendeley.com/authors/57193872733
https://www.mendeley.com/authors/56610903600
https://www.mendeley.com/authors/55490949000
https://www.mendeley.com/authors/37037845600
https://www.mendeley.com/authors/57198400051
https://www.mendeley.com/authors/57193867252
https://www.mendeley.com/authors/37038907700
https://www.mendeley.com/authors/56739518400
https://www.mendeley.com/authors/35182182100
https://www.mendeley.com/authors/20436529100
https://www.mendeley.com/authors/7006717922
https://www.mendeley.com/authors/35226293800
https://www.mendeley.com/authors/35226293800
https://www.mendeley.com/authors/7403300955
https://www.mendeley.com/authors/7103091069
https://www.mendeley.com/authors/55621826400
https://www.mendeley.com/authors/55250181400
https://www.mendeley.com/catalogue/425d476a-225d-342d-9979-5eece4da4a0d
https://www.mendeley.com/catalogue/425d476a-225d-342d-9979-5eece4da4a0d
https://www.mendeley.com/catalogue/425d476a-225d-342d-9979-5eece4da4a0d
https://www.mendeley.com/catalogue/425d476a-225d-342d-9979-5eece4da4a0d
https://dx.doi.org/10.1038/ng.3839
https://www.mendeley.com/catalogue/77522abe-91d4-31a2-80b5-b5b2dad74fb7
https://www.mendeley.com/catalogue/77522abe-91d4-31a2-80b5-b5b2dad74fb7
https://www.mendeley.com/catalogue/77522abe-91d4-31a2-80b5-b5b2dad74fb7
https://www.mendeley.com/catalogue/77522abe-91d4-31a2-80b5-b5b2dad74fb7
https://dx.doi.org/10.35791/jat.v4i2.52485
https://www.mendeley.com/catalogue/2a966533-97de-3501-8db4-4b1b6777c5bf
https://www.mendeley.com/catalogue/2a966533-97de-3501-8db4-4b1b6777c5bf


 
 
Walingkas et al.                     VOLUME 6 NOMOR 2 July-December 2025 

https://ejournal.unsrat.ac.id/index.php/samrat-agrotek 

324 
 

Crossed with a Citrus Tetraploid. 

HortScience (2019). doi: 

10.21273/hortsci.25.10.1276 

Onovo J., Uguru M., Obi I. 2010. 

Implications of polyembryony on the 

growth and yield of fluted pumpkin 

(Telfairia occidentalis hook. f.). 

Agro-Science (2010) doi: 

10.4314/as.v8i2.51111 

Ochoa E. D. C. M., Andrade-Rodríguez M., 

Rodríguez M. R., Monter A. V. 2012. 

Identification of zygotic and nucellar 

seedlings: In polyembryonic mango 

cultivars. Pesquisa Agropecuaria 

Brasileira, doi: 10.1590/S0100-

204X2012001100010 

Piri D. G. Y., Raintung J. S., Walingkas S. 

A. 2023. Peranan Poliembrioni 

Terhadap Produksi Benih Pada 

Tanaman Jeruk Siam (Citrus nobilis 

L.). AGRI-SOSIOEKONOMI (2023). 

doi: 10.35791/agrsosek.v19i1.46757 

Sun H., Zhang J., Yang L., Jiang F., Wang 

Y. 2020. Polyembryony in the 

interspecific hybrids between apricot 

and almond. Acta Horticulturae 

(2020). doi: 

10.17660/ActaHortic.2020.1282.2 

Santos C. Q. D. J., Girardi E. A.,Vieira E. 

L., Ledo C. A. D. S., Soares Filho W. 

D. S. 2015. Optimum sample size of 

fruits and seeds for polyembryony 

determination in citrus. Revista 

Brasileira de Fruticultura (2015). 

doi: 10.1590/0100-2945-063/14 

Toting D. J., Nuñez T., Ferraren D. 2020. 

Comparative DNA Analysis of 

Coconut (Cocos nucifera L.) palms 

with polyembryonic and 

monoembryonic origins. Annals of 

Tropical Research (2020). doi: 

10.32945/atr4222.2020 

Ye-Su S., Kim J. H., Wakana A. 2017. 

Occurrence of spontaneous 

polyembryony in Lilium lancifolium 

Thunb. Journal of the Faculty of 

Agriculture, Kyushu University 

(2017). doi: 10.5109/1854005

 

https://ejournal.unsrat.ac.id/index.php/samrat-agrotek
https://www.mendeley.com/catalogue/2a966533-97de-3501-8db4-4b1b6777c5bf
https://dx.doi.org/10.21273/hortsci.25.10.1276
https://www.mendeley.com/catalogue/62ad883b-f89f-3cb4-9425-2705a11a0b6f
https://www.mendeley.com/catalogue/62ad883b-f89f-3cb4-9425-2705a11a0b6f
https://www.mendeley.com/catalogue/62ad883b-f89f-3cb4-9425-2705a11a0b6f
https://dx.doi.org/10.4314/as.v8i2.51111
https://www.mendeley.com/authors/55618389400
https://www.mendeley.com/authors/56000740800
https://www.mendeley.com/authors/57033330400
https://www.mendeley.com/authors/56000814800
https://www.mendeley.com/catalogue/861d2272-05b9-388d-ab5e-e1b4ed81e75c
https://www.mendeley.com/catalogue/861d2272-05b9-388d-ab5e-e1b4ed81e75c
https://www.mendeley.com/catalogue/861d2272-05b9-388d-ab5e-e1b4ed81e75c
https://dx.doi.org/10.1590/S0100-204X2012001100010
https://dx.doi.org/10.1590/S0100-204X2012001100010
https://www.mendeley.com/catalogue/12f60ca9-819f-30be-a357-306762c17524
https://www.mendeley.com/catalogue/12f60ca9-819f-30be-a357-306762c17524
https://www.mendeley.com/catalogue/12f60ca9-819f-30be-a357-306762c17524
https://www.mendeley.com/catalogue/12f60ca9-819f-30be-a357-306762c17524
https://dx.doi.org/10.35791/agrsosek.v19i1.46757
https://www.mendeley.com/authors/14022096500
https://www.mendeley.com/authors/9744275800
https://www.mendeley.com/authors/56883243900
https://www.mendeley.com/authors/55815616600
https://www.mendeley.com/authors/36971273600
https://www.mendeley.com/authors/36971273600
https://www.mendeley.com/catalogue/39a4d6c3-64c3-348f-931c-c3fa7578bde6
https://www.mendeley.com/catalogue/39a4d6c3-64c3-348f-931c-c3fa7578bde6
https://www.mendeley.com/catalogue/39a4d6c3-64c3-348f-931c-c3fa7578bde6
https://dx.doi.org/10.17660/ActaHortic.2020.1282.2
https://www.mendeley.com/authors/56643884400
https://www.mendeley.com/authors/8852602300
https://www.mendeley.com/authors/36683483500
https://www.mendeley.com/authors/36683483500
https://www.mendeley.com/authors/35581497300
https://www.mendeley.com/authors/6602338553
https://www.mendeley.com/authors/6602338553
https://www.mendeley.com/catalogue/1de39184-7a95-3554-b6a6-4abd4205a8f2
https://www.mendeley.com/catalogue/1de39184-7a95-3554-b6a6-4abd4205a8f2
https://www.mendeley.com/catalogue/1de39184-7a95-3554-b6a6-4abd4205a8f2
https://dx.doi.org/10.1590/0100-2945-063/14
https://www.mendeley.com/catalogue/cfce5169-d080-3e38-b655-e5f0f7e03596
https://www.mendeley.com/catalogue/cfce5169-d080-3e38-b655-e5f0f7e03596
https://www.mendeley.com/catalogue/cfce5169-d080-3e38-b655-e5f0f7e03596
https://www.mendeley.com/catalogue/cfce5169-d080-3e38-b655-e5f0f7e03596
https://dx.doi.org/10.32945/atr4222.2020
https://www.mendeley.com/authors/57197762186
https://www.mendeley.com/authors/55926372300
https://www.mendeley.com/authors/57197756526
https://www.mendeley.com/catalogue/908ca4db-b0f5-387d-b27c-7f60e1f0e3e0
https://www.mendeley.com/catalogue/908ca4db-b0f5-387d-b27c-7f60e1f0e3e0
https://www.mendeley.com/catalogue/908ca4db-b0f5-387d-b27c-7f60e1f0e3e0
https://dx.doi.org/10.5109/1854005

