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Abstract: The germination and viability of pollen are characteristics required for fecundation when individuals of different or the
same species are crossed. For this reason, assessing these parameters in selected individuals to be used in breeding programs
will increase the chances for the obtainment of new progeny. In this study, pollen from different accessions of the red-purple tree
tomato (Solanum betaceum Cav.) was used: local cultivar (Morado Puntén), two commercial varieties (Large Red and Oratia Red)
and six segregants [(Solanum unilobum x Solanum betaceum) x Solanum betaceum]. Three types of flowers were taken (A-day
of anthesis, B-one day after anthesis, and C-two days after anthesis). The pollen was conserved in two temperatures (4° and 22°
C) and four storage times (0, 5, 10, 20 days). The percentage of germination and pollen viability of the selected individuals were
evaluated. It was observed that the commercial materials showed higher germination percentages than the segregants in flower
A and B at a temperature of 4 ° C at all storage times, except for the segregants GT7P47 and GT7P48 at the same temperature
on day 0. In addition, high percentages of viability were obtained both in flowers A and B, at both temperatures and at all storage
times. However, the immediate use of pollen after it is collected is recommended because better germination is achieved. This

study is helpful to improve breeding procedures in the initial stages of directed crosses.

Key words: Pollen quality, red-purple, tree tomato, Solanum betaceum, germplasm.

|
Introduction

Tree tomato (Solanum betaceum Cav.), native to the An-
dean region of South America', belongs to the Solanaceae fa-
mily, is popular in this region for its consumption in juices and
as fresh fruit. This fruit is characterized by its slightly bitter,
sour, and astringent taste with a particular aroma?®3. In Ecua-
dor, the cultivated area is around 2,000 ha and produces 28,512
tons with a yield of 13.79 t ha'®. The cultivation of this fruit is
carried out by small and medium producers®, but this fruit has
excellent possibilities of positioning in the world market due
to its excellent organoleptic characteristics, exotic aroma and
flavor, and nutraceutical properties®.

In Ecuador, tree tomato production is based mainly on
local cultivars, which are the product of natural crosses’.
However, breeding processes have generated segregants, ori-
ginating genotypes with significant phenotypic heterogeneity
reflected in agronomic traits, fruit quality, and productivity® ¢,
Ecuadorian cultivars are not kept pure due to cross pollina-
tion that occurs in the production plots, generating fruits of
different color, shape and size; being the most representative
cultivars: Gigante Anaranjado, Anaranjado Puntén, Rendondo
Anaranjado, Gigante Morado y Morado Puntén®; however, the
cultivar Gigante Anaranjado is the one with the highest de-
mand, consumption and production’.

Breeding on this fruit crop is carried out because tree
tomato presents yield limitations mainly due to the attack of
pests’®!l, On the other hand, this fruit has excellent nutritional
and commercial value, causing desired relevant demand in the
national and international market*? Furthermore, from the nu-
tritional point of view, tree tomato fruit is an excellent source
of vitamins A, BB, C, and E, and minerals such as iron; it also
has a low carbohydrate content and less than 40 calories per
100 g% it is a valuable source of pectins that favor the prepa-
ration of jellies and jams**. In addition, it has compounds with
antioxidant capacity such as lycopene, anthocyanins, and high
content of polyphenols such as 3-0O-caffeoylquinic acid and
rosmarinic acid®*,

For those mentioned above, the Fruit Program of the Na-
tional Agricultural Research Institute (INIAP) has evaluated
tree tomato segregants with different levels of resistance and
fruit quality (physical and chemical traits)®®, to select elite ma-
terials to be used as parents in future crosses. Plant breeding
through directed crosses is essential for generating new geno-
types with better characteristics; consequently, pollen quality
studies are essential in artificial hybridization techniques'®*®to
guarantee fertilization and the generation of new progeny.

Determining the quality of pollen is of great importance in
breeding!” because it has a tremendous impact in the efficacy
of the genetic improvement practices'®. This characteristic is
essential to define the direction of a cross and have bases for
the success of controlled hybridizations that guarantee the ge-
neration of new hybrids'®, originating superior individuals with
better productivity, fruit quality, and obtain resistance or tole-
rance pests.

Currently, the Fruit Program has identified tree tomato
individuals with superior characteristics associated with fruit
quality, including soluble solids content and red-purple mu-
cilage, a characteristic related to a more significant amount
of antioxidant compounds®. These individuals will be used as
parents in future crosses in the breeding program; therefore, it
is necessary to study the pollen quality to guarantee an appro-
priate starting material to continue with the breeding of this
fruit crop successfully.

|
Methods

The research was carried out in the Laboratory of the
Tumbaco Experimental Farm. The pollen belonged to 1 local
cultivar (CMP4 -Morado Puntén), 2 commercial varieties (NZL-
RP5 - Large Red and NZORP7Y - Oratia Red), and 6 segregants
of tree tomato (GT7p47, GT7p48, GT9pl8, GT20p2, GT20p7,
and GT33p5) coming from the cross [Solanum unilobum x
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Solanum betceum] x Solanum betaceum®®. These individuals
were selected for their fruit quality characteristics (Table 1,
Figure 1).

The plants used for this study were grafted onto Nicotiana
glauca, with an age of 4 years. They were sown in the Tumbaco
Experimental Farm of the INIAP at an altitude of 2348 masl,
with maximum temperatures of 27 ° C and minimum of 5 °
C, precipitation of 800 mm per year, average relative humidity
of 70.86%, and geographical location of latitude: 00° 13 '00"
South and longitude: 78 © 24' 00" West.

The pollen was stored in two temperatures (4° C and 22°
C) and four periods of time (0, 5, 10, and 20 days) for its con-
servation. For the O-day storage period, storage was perfor-
med for 8 hours at the two temperatures. Pollen extraction
was carried out in the morning (8:00 - 10:00 am), taking fully
open flowers in 3 states (Figure 2): where flower A (day 0) is
the day of anthesis, flower B (day 1) one day after anthesis and
flower C (day 2) two days after anthesis. To extract the pollen,
the tips of the anthers were cut, and the pollen of the flower
was obtained using light strokes and shaking.

A 1mgsample of pollen was placed in Eppendorf tubes for
each treatment. For the evaluation of pollen viability, the stai-
ning technique based on acetocarmine glycerol gelatin® was
used. This test measures the integrity of the cytoplasm; that
is, the pollen grains turn red when the cytoplasmic membrane
is intact?. Viable pollen was considered to be those grains that
did not show deformations and had intense staining. While for
the evaluation of pollen germination, the pollen was sown for
24 hours in a sucrose medium described by Rodriguez and Daf-
ni?2. Germinated pollen grains were considered to be those that
showed the pollen tube with a length greater than or equal to
the pollen diameter?®%, In both cases, 250 pollen grains were
counted using an optical microscope (Olympus, SX40).

A completely randomized design was used, with a 9 x 2
x 4 x 3 factorial arrangement with a total of 216 treatments
with 5 observations. An analysis of variance was performed,
and the 5% Tukey test was used to determine differences be-
tween means.

|
Results and discussion

Research carried out on pollen quality is of great impor-
tance for the success of breeding programs aimed at the ge-
neration of hybrids with better agronomic characteristics that
allow increasing the efficiency of genetic improvement throu-
gh directed crosses'’.

Germination

To simulate pollen development in the gynoecium in vivo,
the germination tests of pollen grains in vitro are established;
this is achieved by placing the grains in a germination solution
that must present similar conditions to the stigma of the fe-
male organ®. In terms of germination percentage (Figure 3),
significant differences were observed in flower type and tem-
perature as storage days progressed (Table 2, 3, and 4). In the
tree tomato, the size and production of pollen grains varies’,
and the type of flower to be collected is of utmost importan-
ce before pollen collection?. In this research, it was observed
that flowers A and B showed values greater than 55% both at
22 ° Cand 4 ° C on day O, while in subsequent conservation
times, values greater than 40% were observed only at 4 ° C.
On the other hand, in flower C, low values (less than 13%) were
obtained in the day O and the percentages were considerably
reduced later until reach 0% in various individuals at 10 and 20
days. Consequently, while the storage time increases, the ger-
mination percentage decreases. This trend was also reported
by Gonzéles et al.*® who found that in potato (S. tuberosum),
pollen stored at a temperature of 17 ° C loses its germination
percentage rapidly, but if the pollen is stored at 4 ° C it had up
to 20% germination. Araméndiz et al.'” also reported this be-
havior in a study carried out on eggplant (S. melongena), where
the highest germination percentage was obtained at O days of
storage and it decreased as the storage time progressed and
the temperature increased.

Statistical differences between the tree tomato indivi-
duals were observed, highlighting the commercial individuals
CMP4, NZLRP5, and NZORP7 with values in a range of 54 to

Material | Weight Pulp Color of | Content of Acidity Firmness

of fruit Color mucilage soluble (%0) ™)

(@) solids (°
Brix)

CMP4 92,56 Orange Red 10,6 1,70 2,08
Morado
Punton
NZLRPS 061,14 Orange Red 11,74 1,31 2,77
Large
Red
NZORP7 70,28 Orange Red 9,92 1,26 1,34
Oratia
Red
GT7p47 50,49 Orange Purple 11,03 2.47 2,19
GT7p48 59,31 Orange Red 11,02 1,78 1,87
GT9p18 66,97 Orange Purple 12,64 1,31 1,83
GT20p2 84,24 Orange Purple 11,92 2,52 1,25
GT20p7 80,17 Orange Purple 12,03 2,37 1,38
GT33p5 41,10 Orange Purple 11,10 1,25 3,10

Table 1. Characteristics of the tree tomato germplasm.
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Figure 2. Flower types, where flower day O is the day of anthesis, flower day 1 is one day after anthesis, and flower day 2 is two days

after anthesis.

59% at 22° C and 53 to 64% at 4° C at O days of storage in
flower A. The germination percentage was not optimum (less
than 70%), even at 4° C, which is a temperature commonly
used to conserve pollen grains in some species. Later these
values decreased, but CMP4 and NZLRP5 showed higher per-
centages, around 42%, at 20 days (Table 2). Only the GT7P47
and GT7P48 segregants showed germination percentages hi-
gher than 53% at 22° C and 4° C at O days and around 42% at
5 days at 4° C; while at 20 days, their germination decreased
to values of 16 and 26% respectively (Table 2). For flower B,
the trend was similar to that observed in flower A with germi-
nation percentages in a range between 50 and 59% at O days
and decreasing considerably until 20 days (Table 3). In flower
C, only the segregant GT20P7 had values of 12% (22 °C) at O

days and 9% (4 °C) at 5 days, while the rest of the individuals
showed shallow values or did not have germination (Table 4).
According to Revelo et al.?®, this response is because commer-
cial cultivars or varieties are better adapted to climatic and soil
conditions, showing a more significant number of fruit set per
inflorescence, corroborating that pollen from commercial ma-
terials has a superior germination capacity.

Pollen viability

The determination of pollen viability allows making relia-
ble fertility estimates, besides being used for incompatibility
studies in crosses®. In fruit crops, staining with 2% acetocar-
mine and observation by optical microscope are used to de-
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termine the viability of the pollen grain? (Figure 3). Similar to
germination, significant differences were observed for the type
of flower and temperature as the storage time advanced.

Flower A and B showed high percentages of viability
(greater than 95%) (Table 2 and 3) in the commercial mate-
rials CMP4, NZLRP5, and NZORP7, as well as in the segre-
gants GT7P47 and GT7P48, both at 22° C and at 4° C and at
all storage times (0, 5, 10 and 20 days). While in flower C, only
the segregating GT20P7 obtained 12% viability at 22° C at O
days and 8% at 4° C at 5 days, while the rest of the individuals
showed shallow values , most of which did not have viability
(Table 4). The results obtained in flower C corroborate what
Montaner et al.** found that pollen loses its viability after its
anthesis period.

In other Solanaceae species, using the same method of
this research, viability percentages have been reported chiefly
over 80% and reaching up to 98%%%C, On the other hand, in a
study of pollen quality in chirimoya (Annona cherimola), it was
reported that in storage at 7 °C, higher viability percentages
are achieved as the conservation time advances®. This study
obtained stable percentages throughout the pollen storage
time at the two temperatures evaluated (Table 2 and 3).

it e AT ol £

The commercial materials (CPM4, NZLRP5, and NZORP7)
showed high percentages of viability and relatively acceptable
germination percentages (greater than 40%) in flower A and
flower B at different storage times. On the other hand, the se-
gregants GT7P47 and GT7P48 had a similar result only on day
0 of storage; after that, although they had high viability percen-
tages, their germination was less than 40% even at 4 ° C. When
pollen is preserved correctly, it maintains its hydration capaci-
ty and regular morphology. However, it loses its potential to
germinate over time, so morphological stains are not a good
technique for measuring actual fertility. It is an excellent tool
to visualize the quality of pollen?” because the staining techni-
que only allows observing the pollen morphology related to its
viability??. In addition, there are differences between the needs
of pollen grains to germinate, and it is necessary to establish
the environmental conditions (primarily temperature and hu-
midity) that favor the development of the pollen tube?®, In
pollen studies carried out in Physalis peruviana, it has been re-
ported that some accessions did not show pollen germination
despite having good viahility?.

Figure 3. Flower A, day O, temperature 22 °. Germination test, arrow indicates germinated pollen tube (left). Pollen viability test by

acetocarmin staining (right).

Number of days 0d 5d 10d 204
Temperature 22°C 4°C 22°C 4C 22°C 4°C 22°C 4°C
Germination (%0)
CMP4 5976+069a 6461+124a  B898=x089b 5863x150a  309=109c 5571+096a 024=036b 4153=246a
GT20P2 171+214d | 032+034d | 095+110c | 135+083d | 040+028d 064+036f 000=000b  032+033f
GT20P7 3482+205b 1831+216c 1618+218a  2268+271c | 816=13%9a | 1498+134e 495+088a 597=x220e
GT33P5 2142+128c  1490+122c 14290+177a | 2062+147c |3.68+269bc 1311+15le | 056=046b  080+080f
GT7P47 564+314a 5746+122ab | 764+179b  4157+168b 206+094cd 3594+181d 024+022b 1668=+163d
GT7P48 5552+3.78a  5343+331b 704=x158b 43.6+323b |3.63£076bc | 4050+133¢c  056=022b 26.19=1.73c
GT9P18 363+£354d | 1.02+£057d | 016+021c | 125+£091d  032+033d | 056+036f 000£000b  031+032f
NZLRPS 5544+202a 6237+83%9a | B812=194b  4213+421b 269+14lcd 5296=211a 024+022b 4336=154a
NZORP7 5471+273a 5867+647ab | 972+100b  5429+261a 595+092ab 4470+184b 072+033b 3616=048b
Viability (%0)
CMP4 9768+143a | 9712+104a 9704+140a 9880=049a 9704=151a 9792x15la 97.12+107a 9792+151ab
GT20P2 135£092¢ | 017+023c¢c | 080=080c 105+086e | 024+022c 048+044c 000£000b 0.16=022d
GT20P7 3351=3.17b | 1763+199b 1215+209b 2446=316c | 480=195b | 13.76x263b 048=052b  621=237c
GT33P5 0.00£000c | 1497+299b 000£000c @ 1939+141d | 000£0.00c | 0.00+000 ¢ | 0.00£000b  0.00+000d
GT7P47 9776+143a 9752+125a 9744=146a 9792=134ab 9808=x104a 09760+136a 9808+143a 9792x151ab
GT7P48 9816+108a  9704t128a 9840+126a 9800x110a 9760=x133a 9736+128a 9776+143a 9760+133ab
GT9P18 203+245¢ 156+1.03¢c  040£049c | 070x064e | 064=054c | 016+021c  024+022b  016=021d
NZLRP5 96.48+1.58a 9824+173a 9840+126a | 9560+085b |9720+136a | 9824+128a 9840+126a 9848=134a
NZORP7 9776+131a 9848+1593a 9744=+16la  9936=06la 9800x141a 9560+085a 9792+173a 9576=0096ab

Table 2. Pollen germination and viability in Flower A as a function of tree tomato plant material, number of days and temperature.
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Number of days od 5d 10d 20d
Temperature 22°C 4°C 22°C 4C 22°C 4°C 22°C 4°C
Germination (%)

CMP4 55.52+3.78a | 58.04=x152ab 735+20la 5499+118a  3.63x076b 5076=1.04a  056+0.22ab 39.57=177a
GT20P2 072+033c | 024+022e | 024x035b 056+036e | 016=022c 024x036f | 000+£0.00c 048=033e
GT20P7 2183+193b| 1063+203d | 940+135a 124+189d | 024+022c 534=105e | 000+000c | 024+022e
GT33P5 421+341c | 104+119e | 000+000b 165+204e | 0.00£000c @ 257=233ef 000+000c | 072+033e
GT7P47 5471=273a 5523+107ab | 807+146a 3611+062c 206=094b  3232+122d 024=022bc 1437=093d
GT7P48 5544=202a | 5021+335c | 972+100a  3886+120c  269+141b | 3608=117c  072+033a  2417x567c
GTIP18 000£000c | 024+022e  0.00£000b 016+02le | 000£000c | 000+000f | 000+000c 000=000e
NZLRPS 5580+348a 5906=125a  764=179a  3766+219c 206+094b  4859=272a 024022bc 41.75=166a
NZORP7 5471+273a | 53.58+469bc  972+1.00a 4922+1.07b | 625+£083a 4048+114b  072+033a  3443=064Db
Viability (%0)

CMP4 98.16=108a | 9712=104a 9840x126a 9880+049%9a 9800x141a 9792=x151a 9712+107a 9792+151a
GT20P2 056+045¢c | 024+022¢ | 016+022c  024+036d @ 008+018b | 032+0.18c | 016=022b 008=0.18¢
GT20P7 21.08+129b | 1067=253¢c | 688+218b 653+138¢c | 016+022b  048=044c | 000+000b | 008=018¢c
GT33P5 088+07lc @ 076+059¢c | 000x000c 220+232d  0-00+000b | 151+142c | 000=000b 040=049c
GT7P47 97.76=143a 9848+1593a 9744+146a 9800+110a 9760+133a 9560+085b 9776+x143a 9792x151a
GT7P48 97.76=043a | 9752+125a 9744+16la 9936+061a 9808+104a  9736=128ab 9792+173a 9848x134a
GT9P18 048+£043¢ | 032+£0.18c¢ | 016+022c  048+044d  008+018b | 008+0.18¢c | 0.00+£000b 000=000¢
NZLRPS 96.48+=1.58a | 9824=1.73a 9840+126a 9560=085b  9720+136a 9824=x128a 9840=x126a 9576096 b
NZORP7 97.68+=143a | 97.04=128a 97.04x140a 9792+134ab 97.04=151a|97.60=136ab | 98.08=x143a|97.60=133ab

Table 3. Pollen germination and viability in Flower B as a function of tree tomato plant material, number of days, and temperature.

Number of days 0d 5d 10d 20d
Temperature 22°C 4C 22°C 4°C 22°C 4C 22°C $#C
Germination (%0)

CMP4 0.00£000b 579+7.93 0.00+0.00b | 000+000b | 0.00+000Db 0.00+0.00 0.00+0.00 0.00x0.00
GT20P2 016+022b 0.16 £0.22 0.08+0.18b | 016+022b | 0.00+0.00b 0.40+0.49 008+0.18 0.00 +0.00
GT20P7 1206+202a 729+1.19 645+£171a  B899+109a  024+022a 0.16+0.22 0.00 +0.00 0.00=0.00
GT33P5 0400280 0.16 £0.22 0.00+000b | 024+022b | 0.00£000Db 0.40+0.89 0.00+0.00 0.00+0.00
GTTP47 0.00£000b 592+8.14 0.00+0.00b | 000+000b | 0.00+000Db 0.00+0.00 0.00+0.00 0.00x0.00
GT7P48 0.00+000b 5.82+549 0.00+000b & 000+000b | 0.00+000Db 0.00+0.00 0.00+0.00 0.00+0.00
GT9P18 0460460 0.24+0.22 0.00+000b | 023+021b | 0.00+000D 0.00+0.00 0.00+0.00 0.00=+0.00
NZLRPS 196=269b 2.52+£5.63 0.00+0.00b | 000+000b | 0.00+000Db 0.00+0.00 0.00+0.00 0.00x0.00
NZORP7 279+384b 507 +£6.95 000+000b | 000+000b | 000+000b 0.00+0.00 0.00+0.00 0.00+0.00
Viability (%)

CMP4 0.00+000b | 000+£000b | 0.00£0.00b | 000+000b 000+000b 000£000b 0.00+£0.00b 0.00£0.00
GT20P2 024+022b  008+0.17b  0.16=022b  032+033b  008+0.18b 016=022ab  0.16+022a 0.00+0.00
GT20P7 1196+225a  700+112a 584+213a 773+151la 024+022b 024+022a 0.00+0.00b 0.00+0.00
GT33P5 048=044b | 023+021c | 0.00=£0.00b | 016+022b 000+000b 000+000b 0.00+0.00b 0.00=+0.00
GTTP47 0.00=000b | 000+000b | 0.00=0.00b | 000x000b 000+000b 000£000b 0.00+£000Db 0.00x0.00
GT7P48 000+000b | 000+£000b 000£000b  000+£000b  000+000b 000+000b 0.00+000b 0.00 +0.00
GT9P18 024=022b | 032+0.18b | 0.00=0.00b | 032+053b 000+000b 000+000b 0.00+0.00b 0.00=0.00
NZLRPS 0.00+000b | 000+£000b | 0.00£0.00b | 000+000b 000+000b 000£000b 0.00+£0.00b 0.00£0.00
NZORFP7 0.00=000b | 000+£000b | 0.00=0.00b | 000x000b 000+000b 000£000b 0.00+£0.00Db 0.00x0.00

Table 4. Germination and viability in Flower C of pollen as a function of plant material of tree tomato, number of days and temperature.

|
Conclusions

According to the results obtained in the pollen quality
tests, it was observed that in flowers A and B, the commer-
cial materials (CMP4, NZLRP5, and NZORP7) showed higher
germination percentages than the segregants at a temperatu-
re of 4 °C in the different storage times. Only the segregants
GT7P47 and GT7P48 showed germination values similar to
those obtained by commercial materials at 22 ° C and 4 ° C
after O days of storage. Regarding viability, high percentages
(greater than 95%) were observed in flowers A and B, at both
temperatures and at all storage times. Consequently, the ma-
terials mentioned above would be the best options for parents
in future crossing plans in the tree tomato breeding program.

On the other hand, it is concluded that tree tomato pollen
can be collected in flower A or flower B and stored at 4 ° C for
up to 5 days. However, it is recommended to use the pollen to
make crosses immediately after it's obtained from the flower
because, in this stage, it has a higher percentage of germina-
tion and high viability.
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