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ABSTRACT.: Because of climatic changes, the cultivation of temperate climate plants
such as peach in subtropical climates has become a challenge. In these areas, temperatures
exceeding 25°C often occur during the pre-flowering and flowering phases. The high
temperature causes damages by acting during the early stages of pollen-pistil interaction
processes. The objective of this work was to evaluate the stigmatic receptivity of peach
flowers at 18°C and 30°C. The pollen adherence was evaluated as well as the germination
and presence of pollen tubes in the transmitting tissue of the style. The genotypes
responded differently to temperature. ‘Granada,” ‘Diamante’, and ‘Sensagiao’” had a
stigmatic receptivity that was less affected when flowers were exposed to the higher
temperature. Most genotypes showed a reduction in the number of pistils with pollen
tubes growing in the style, particularly when pollination was delayed.

Keywords: Prunus persica, pollen viability, pollen tubes, flowering.

Introduction

Global warming, as well as an increase in the intensity of climatic
conditions such as extreme cold and hot periods, is an important threat
to agricultural crops in some regions (IPCC, 2015), particularly those in
which conditions are already marginal for the crops, which is the case of
peach cultivation in subtropical regions (Souza et al., 2017a). The peach,
because of the necessity accumulating chill hours, may be affected by a
temperature increase, particularly in subtropical and tropical zones, that
can affect the pollen grain germination and fruit setting rate (Souza, Pio,
Tadeu, Zambon, & Reighard, 2017b).

Both high and low temperatures damage the reproductive tissues of
plants by causing an advance or delay in flowering, asynchrony between
the development of male and female floral structures, the formation of
defective gametes and problems in fertilization (Zinn, Tunc-Ozdemir,
& Harper, 2010). These consequently lower productivity. The levels
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of susceptibility and tolerance, as well as the developmental stage in
which the plant is most sensitive, varies among species and even among
genotypes of the same species (Hatfield & Prueger, 2015; Hedhly, 2011).
However, it is known that the reproductive stage is the most stress-
sensitive phase, and the tolerance to this factor is a limiting characteristic
of the plant’s productivity (Hedhly, 2011; Zinn et al., 2010).

Floral receptivity plays a crucial role in the dynamics of pollination,
reproductive success and consequently fruit production. The stigma is
the first surface of the pistil to make contact with the pollen grain, and
its adherence to the surface is followed by hydration and germination.
Then, growth of the pollen tube continues through the stigma, style
and finally ovary, where the ovule fertilization occurs (Hiscock & Allen,
2008; Losada & Herrero, 2012). Several studies have indicated that
high temperature stress acts during the first stages of the pollen-pistil
interaction, affecting pollen adherence to the stigma, pollen germination,
and pollen tube growth along the transmitting tissue and increasing ovule
degeneration (Hedhly, Hormaza, & Herrero, 2005; Snider & Oosterhuis,
2011; Vuletin Selak, Perica, Goreta Ban, & Poljak, 2013).

The aim of this work was to evaluate the stigmatic receptivity of the
flowers of peach genotypes under a high (30°C) temperature compared
to a moderate (18°C) temperature.

Material and methods

Experiments were conducted during 2011, 2012, and 2014 to evaluate
the stigmatic receptivity of peach genotypes. The work was conducted at
the EMBRAPA Center for Temperate Climate Research, in Pelotas, Rio
Grande do Sul State, Brazil (31°40' S and 52°26' W; 60 m altitude).

During 2011, the cultivars ‘Atenas’, ‘Chimarrita’, ‘Diamante’,
‘Granada’, ‘Sensacao’, and “Turmalina’ and the selections ‘Cascata 1303
and ‘Conserva 594" were used. During 2012 and 2014, in addition
to the previously mentioned genotypes, the cultivars ‘Maciel’ and
“Tropic Beauty’ were included. Except for “Tropic Beauty,” which was
released jointly by Texas A&M University and the University of Florida
(Gainesville), all genotypes were from the peach breeding program of
Embrapa. “Tropic Beauty’ was chosen because of its adaptation to warm
areas. ‘Cascata 1303’, ‘Conserva 594’ and ‘Turmalina’ are low-chill
genotypes and well-adapted to subtropical regions. The other tested
genotypes are commercial cultivars planted in southern Brazil.

Shoots containing flower buds at the balloon stage (1 day prior to
blooming) were collected from the intermediate part of the adult peach
plants in the orchards of Embrapa and taken to the laboratory. The shoots
were divided into segments approximately 5 cm in length and containing
from one to four flowers. Only flowers in the middle of each shoot were
used. They were emasculated and affixed in phenolic foam (commonly
used for seed germination) 2.5 X 2.5 x 3.8 cm in size (Green Up; Floral
Atlanta Ltd., Sio Lourencgo, Sio Paulo, Brazil), previously washed in
running water as recommended by the manufacturer. The shoots were
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collected during July and August of each year, when most flowers were at
the balloon stage, according to the cycle of each genotype.

The phenolic foam with the emasculated flowers was placed into
plastic trays containing 1 cm of tap water and then submitted to a high-
temperature stress treatment (30 £ 1°C) in a heat chamber. For the
control, the foams with the emasculated flowers were maintained in a
room at 18 4+ 2°C. Both environments were maintained between 60 and
70% relative humidity with no light. The material remained either for
24, 48,72, or 96h under the conditions previously described before the
flowers were pollinated. Following pollination, they were maintained at
18 + 2°C.

Within a given year, the pollen used for pollinating all the flowers
was from a cultivar that had high viability (70%), as determined by its
in vitro germination. Pollen from the peach selection Conserva 1510
was used during 2011, and pollen ‘Leonense’ was used during 2012 and
2014. Twenty-four hours following pollination, the pistils were fixed in
formalin:acid acetic:70% ethanol (1:1:18; FAA) (Johansen, 1940), and
refrigerated until the evaluation.

After staining with lacmoid (Wilson & Brown, 1957), the pistils were
placed on a glass slide with a drop of the dye and gently squashed
under a cover slip. The pistils were evaluated for pollen adherence and
germination and the presence of pollen tubes in the style with an optical
microscope (Carl Zeiss do Brasil Ltda., Sio Paulo, Sio Paulo, Brazil) using
a 10x ocular and 40x objective.

Pollen adherence and germination in the pistils were scored as follows:
1 = zero pollen grains adhered and/or germinated on the stigmatic
surface, 2 = 1-25, 3 = 26-50, 4 = 51-75, 5 = 76 to 100, and 6 = more
than 100 pollen grains adhered and/or germinated on the stigmatic
surface. The presence of pollen tubes was also evaluated and expressed
as the percentage of flowers with pollen tubes growing in the style. The
evaluation of the pollen adherence and germination on the stigmatic
surface and the presence of pollen tubes growing in the stylar tissue was
completed using the same flowers.

Data related to the classes of adherence and germination of pollen
grains on the stigmatic surface of flowers were transformed using log (x),
while data related to the percentage of flowers with pollen tubes in the
style were transformed using arcsin (x/100. The experimental design was
completely randomized with an 8 x 4 x 2 factorial treatment structure
(genotype x time x temperature) during 2011 and 10 x 4 x 2 during
2012 and 2014 with three replications of five flowers per plot.

ANOVA was performed using SISVAR statistical software (Ferreira,
2011), and when the interaction effect was significant, regression curves
(time X temperature) for each genotype during each year were calculated.

Results and discussion

A signiﬁcant interaction among genotype, time and temperature (p <
0.01) was observed as well for the variables genotype, time (p < 0.01) and
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temperature (p < 0.05) singularly during 2011. During 2012 and 2014,
all the interactions were significant (p < 0.001) as well as the singular

variables (Table 1).
Table 1

Summary of the analysis of variance, degree of freedom (DF) and the mean
squares for pollen adherence (PAd) for the years 2011, 2012, and 2014.

Mean Squares

2011 2012 2014

Sources of variation DF PAd DF Pad DF PAd 2014
Genotype (G) 7 0.1116 ** 9 0.0505 == 9 0.1403 ==
Time (T) 3 0.1076 ** 3 0.1027 ** 3 0.8891 **
Temperature (°C) 1 0.0383 * 1 0.3824 == 1 0.3248 ==
GxT 21 0.0103 ns 27 0.0533 ** 27 0.0239 **
Gx°C 7 0.0131 ns 9 0.0369 == 9 0.0443 ==
Tx°C 3 0.0413 ** 3 0.1066 ** 3 0.2158 **
GuxTx®C 21 0.0195 *=* 27 0.0339 ** 27 0.0416 **

Error 128 0.0068 160 0.0091 160 0.0070

C.V. (%) 12.8 19.0 17.3
Mean 0.6406 0.5038 0.4844

ns, **, * Nonsignificant or significant at p < 0.01 or < 0.05, respectively.

During 2011, the cultivars ‘Atenas’, ‘Chimarrita’, ‘Sensa¢ao’, and
‘Turmalina’ and the selection ‘Conserva 594’ showed a reduction in
pollen adherence when the flowers were exposed to 30°C compared to
18°C (Figure 1). The time of the reaction also varied with the cultivar,
with ‘Atenas’ and “Turmalina’ showing less adherence over 24h, and
‘Chimarrita’, taking 53h to show a reduction in pollen adherence on the
stigmatic surface at 30°C. At 18°C, ‘Atenas’, ‘Chimarrita’, and ‘Conserva
594’ showed consistent adherence for 96h, whereas ‘“Turmalina’ and
‘Sensacao’ showed a decrease in pollen adherence after approximately
60h. Two peach genotypes, ‘Cascata 1303’ and ‘Diamante’, did not have
their pollen adherence expressively affected by the 30°C temperature,
whereas ‘Granada’ showed a decrease in pollen adherence at both
temperatures.

During 2011 and 2012, the cultivars ‘Chimarrita’ and “Turmalina’
showed a reduction in pollen adherence when the flowers were exposed to
heat (Figure 2). The selection ‘Cascata 1303’, in contrast to its behavior of
consistent pollen adherence at both temperatures during 2011, showed a
decrease in pollen adherence during 2012.
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A 50% decrease in pollen adherence (96-h vs. 24-h time period)
was observed for ‘Cascata 1303, ‘Chimarrita’ and ‘Maciel,” when these
cultivars were grown at 30°C.

Stigmas of ‘Atenas,’ ‘Chimarrita’, “Tropic Beauty’, and “Turmalina’
did not lose the capacity to support pollen adherence over 96h when
maintained at 18°C, but were negatively influenced by the temperature
of 30°C. ‘Cascata 1303’ showed a considerable decrease in adherence at
both temperatures. ‘Maciel,” although it had reduced adherence at both
temperatures, the reduction was higher at 30°C than at 18°C. In contrast,
in stigma receptivity studies performed using different peach genotypes,
‘Maciel’ did not show negative behavior when the flowers were submitted
to a temperature of 29°C (Zanandrea, Rascira, dos Santos, & da Silva,
2011).

5 Atenas 7 Cascata 1303
6 6 ¥18= 0.03x + 540
5. A s Re = 0.74%%
4 . . T + .
3o ylEe 00ls 477 e . 3
2 R = 0.30n 3 . - :
| 3= 003k 4 S, \ ¥3= -0.03x +4.30
1o g0ee R =0.89%%

o R = 89" N

24 48 7 96 24 48 2 %
5 Chimarrita a Conserva 594 Diamante Granada
@ ¥18= 001x +2.57 M ¥18= 0.01x +3.10 O 18 000 - 0,105 + 587 N YI8= 0.00% - 0.16x + 6,65
5 R?=0.50ns § R =035 5 Ri=095%* ® . ¥ : .
4 . 4 ') M . e . . e
e . . i# o ¥ el - 3a 2 [
2 . 2w 2 * .

¥30= 002x + 320 . ] ¥30=0.00% + 0.16% - 1.08 y18= 001x + 283 y30= 0.01x + 330
1 o g 370 1 2 e 1 %t A 1 04
RE=077%% RE= |00 R = 0294 R = 0.30ns
] 0 + 0

24 48 96 48 9% 2 45 72 9% 24 4% 7 o6
5 Maciel . Sensagio Tropic Beauty Turmalina
6 y18= 0.02x +5.37 & 5= 0034201 6 yI8= 000x + 473 6 yI8= 001x + 337
se s RE-068% 5007 Reeps7er : . G4 RE = 0.16ns 5 Ré = 0.07ns

. . .
N " - + . . 4y 1 1 4 .
3 33 3 3
N . . . X . . . .
T ya0e 004x £ 570 N Y305 0,000 + 0,14 - 0.04 Y307 000 5 D13 4 100 . yi0= -0,00% + 0.07% + T 48 .
LT Ry ! Ré - 068 1 = 0.9% ) R =071
o ] ] 0

24 48 72 9% 24 48 72 9% M 48 L] 9% 24 a8 2 9%

Time (h)
—e— 18°C ——-e---  30°C

Adherence of pollen grains on the stigma (classes: 1= zero; 2 = 1 to 25; 3 = 26 to 50; 4 = 51
t0 75,5 =76 to 100, and 6 = over 100 pollen grains) of flowers at 18°C and 30°C for 24 to
96h, during 2012. ™, **, * Nonsignificant or significant at p < 0.01 or p < 0.05, respectively.

In addition, “Tropic Beauty’ was negatively influenced by the high
temperature (Figure 2), as well as “Turmalina’, both of which similarly
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behaved when exposed to heat. However, for “Turmalina’, this reduction
occurred earlier than that of “Tropic Beauty’ when compared to the
temperature of 18°C.

During 2014, except for ‘Atenas’ and ‘Conserva 594, all of the other
genotypes showed a reduction in pollen adherence to the stigma when the
flowers were exposed to 30°C (Figure 3). This loss was not observed for

the flowers that remained at 18°C, with the exception of ‘Cascata 1303’
and ‘Granada’.
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96h during 2014. ™, **, * Nonsignificant or significant at p < 0.01 or p < 0.05, respectively.

During 2011, the average score of the pollen adherence was higher
(4.53) than that observed during 2012 (3.38) and 2014 (3.31). The
average annual temperature for both years (2011 and 2012) during July
was very similar but lower than that during 2014. During August, the
average of the medium temperature during 2012 was higher by 4.2 and
2.8°C than that during 2011 and 2014, respectively. This pre-exposure
of flowers to high temperature mainly during July and August (prior
to blooming) may have negatively influenced the stigma of the flower,
causing an earlier loss of the ability to support pollen adherence. In our
research, most of the peach stigmas were receptive 24h after emasculation,
but this factor may not depend only on the genotype but also on the
climatic conditions during the pre-anthesis phase (Kodad, Messaoudi,
Mamouni, Lahlou, & Socias, 2013).

Although these temperature variations seem small, it is known that
depending on the species and the phenological stage of the plant in
which these temperatures occur, they can cause a considerable decrease
in fruiting (Hatfield & Prueger, 2015). Reductions in fruit setting were
recorded in apricot when there was an increase of 3°C in the average daily

temperature during the week before the anthesis (Rodrigo & Herrero,
2002).
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In general, regarding the adherence of pollen grains to the stigma
during at least two of the three years of the evaluation, the most
influenced genotypes by flower exposure to 30°C as compared to 18°C
were ‘Chimarrita’ during 2011 and 2012 and “Tropic Beauty’ during
2012 and 2014. The least influenced genotypes were ‘Diamante’ and
‘Conserva 594. For all of the genotypes, there were variations among
years of lower or higher intensity.

Many studies have documented the negative influence of high
temperatures in the pre-anthesis and anthesis phase for several species,
such as peach (Couto, Raseira, Herter, & Silva, 2010; Zanandrea et al.,
2011), cotton (Snider, Oosterhuis, Skulman, & Kawakami, 2009), and
olives (Vuletin Selak et al., 2013). This is considered to be the most
sensitive phase for the plants because of the number of involved processes
and the short time in which they occur (Hedhly, Hormaza, & Herrero,
2009; Zinn et al., 2010). However, this response is highly variable among
the studied genotypes, as well as the environmental conditions in which
the plants are exposed over time (Hatfield, Boote, & Kimball, 2011;
Hedhly, 2011).

For the germination of pollen grains on the stigma, a significant
interaction (p < 0.01) among genotype, time and temperature occurred
during the three years of evaluation, and all of the interaction was
significant (p < 0.01), except for the interaction between the genotype
and temperature during 2011 (Table 2).

Table 2

Summary of the analysis of variance, degree of freedom (DF) and the mean
squares for pollen germination (PGe) for the years 2011, 2012, and 2014.

Mean Square

2011 2012 2014
Sources of variation DF PGe DF PGe DF PGe
Genotype (G) 7 0.1862 ** 9 0.21333%= 9 0.312] *=
Time (T) 3 0.2057 == 3 0.2921 * 3 0.8004 =
Temperature (°C) 1 0.124] *= 1 0.6500 *= 1 0.5468 *=
GxT 21 0.0216 ** 27 0.0303 = 27 0.0334 3=
Gx*C 7 0.0l64m™ 9 0.0926 %= 9 0.0709 *=
Tx*°C 3 0.0835 == 3 0.0599 = 3 0.1505 *=
GuTx°C 21 0.0188 ** 27 0.0248 *= 27 0.044] *=
Error 128 0.0083 160 0.0083 160 0.0036
C.V. (%) 18.3 14.2 12.4
Mean 0.4977 0.6414 0.6039

ns, **, Nonsignificant or significant at p < 0.01 respectively.

During 2011, the behavior of the germination was very similar
to that of adherence during the same year. In general, most of the
studied genotypes showed a reduction in pollen germination on the
stigma when the flowers were submitted to a temperature of 30°C
(Figure 4). ‘Chimarrita’, ‘Diamante’, ‘Granada’, and “Turmalina’ suffered
a reduction in pollen germination when pollination occurred on the
flowers at 30°C. In contrast, ‘Atenas’, ‘Cascata 1303’, ‘Conserva 594’, and
‘Sensagao’ were only slightly affected.
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Figure 4
Germination of pollen on the stigma (classes: 1 = zero; 2 =1 t0 25; 3 =26 to 50; 4 = 51 to
75,5 =76 to 100, and 6 =over 100 pollen grains) in peach flowers at 18°C and 30°C for 24

to 96h during 2011. ™, **, * Nonsignificant or significant at p < 0.01 or p < 0.05, respectively.

During 2012, ‘Chimarrita’, and ‘Cascata 1303’ showed a sharper
reduction in pollen germination than other genotypes, almost completely
losing their ability for pollen germination after 72h at 30°C (Figure 5),
although there was some adherence up to 96h during 2012 (Figure 2).
This indicates that even though the stigma provides conditions for pollen
adherence, it does not ensure pollen germination.
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Figure 5
Germination of pollen on the stigma (classes: 1 = zero; 2 =1 t0 25; 3 =26 t0 50; 4 =51 to
75,5 =76 to 100, and 6 =over 100 pollen grains) in peach flowers at 18°C and 30°C for 24

to 96h during 2012. ™, **, * Nonsignificant or significant at p < 0.01 or p < 0.05, respectively.

The cultivar ‘Granada’, at 30°C, presented a small reduction in the
stigmatic capacity of the flowers in providing conditions for the pollen
germination.

‘Diamante’, “Tropic Beauty’ and “Turmalina’ also had the ability to
provide conditions for pollen germination harmed in the flowers that
were kept at 30°C. However, the cultivars ‘Chimarrita’, ‘Diamante’,
‘Maciel’, ‘Sensagao’, and “Turmalina’ (Figure 5) showed very little change
for the pollen germination when the flowers remained at 18°C before
pollination. The cultivar ‘Sensa¢ao’, in the same way as for adherence
during 2012 (Figure 2), had a higher germination of pollen grains on the
stigma when the flowers were submitted to 30°C (Figure 5), and there
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was no reduction over time. The genotypes ‘Conserva 594’ and ‘Atenas’,
which did not suffer when the flowers were exposed either to 18 or 30°C
for the periods of evaluation, also stand out during this year.

During 2014, it was observed that flowers of any of the genotypes
remained at 18°C, except ‘Cascata 1303’ and “Tropic Beauty,” presented
an expressive loss in the ability of pollen germination (Figure 6), as
occurred with most genotypes during 2012.
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Germination of pollens on the stigma (classes: 1 = zero; 2 = 1 t0 25; 3 =26 to 50; 4 = 51 to
75,5 =76 to 100, and 6 =over 100 pollen grains) in peach flowers at 18°C and 30°C for 24

to 96h during 2014. ™, **, * Nonsignificant or significant at p < 0.01 or p < 0.05, respectively.

For the ‘Sensacao’ cultivar, in contrast to its behavior during previous
years, the pollen germination on the stigma of flowers submitted to
30°C suffered a marked reduction during 2014. Pollen germination was
also impaired by heat during 2014 for ‘Cascata 1303’, “Tropic Beauty,
‘Maciel’ and “Turmalina’. The last was also affected by heat during the
previous years of the evaluation.

Over the 3 years, the most heat-sensitive genotypes with respect to
pollen germination were ‘Cascata 1303, ‘Chimarrita’, “Tropic Beauty’,
and “Turmalina’, and the most heat-tolerant peaches were ‘Atenas’,
‘Conserva 594°, ‘Diamante’, ‘Granada’, and ‘Sensa¢3o.” Again, for all
genotypes, there were variations at different grades among the studied
years.

A significant interaction among genotype, time and temperature for
the percentage of pistils with the presence of pollen tubes in the style was
found (p < 0.05 for 2011 and p < 0.01 for 2012 and 2014) (Table 3).

During 2011, ‘Cascata 1303’, ‘Atenas’, and ‘Sensagao’ showed no
reduction in the percentage of pistils with pollen tubes in the transmitting
tissue of the style of flowers submitted to 30°C (Figure 7).
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Table 3
Summary of the analysis of variance, degree of freedom (DF) and the mean squares for
the percentage of pollen tubes in the style (PPTS) for the years 2011, 2012, and 2014.

Mean Square

2011 2012 2014
Sources of variation DF PGe DF PGe DF PGe
Genotype (G) 7 0.1862 ** 9 0.2133% 9 0.3121 %
Time (T) 3 0.2057 ** 3 0.2921 % 3 0.8004 +*
Temperature (*C) 1 0.1241 # 1 0.6500 #* 1 0.5468 ¥
GxT 21 0.0216 ** 27 0.0303 ** 27 0.0534 =
Gx®C 7 0.0164 ™ 9 0.0926 = 9 0.0709 *=
Tx*°C 3 0.0835 ** 3 0.0599 # 3 0.1505 #*
GuTx"C 21 0.0188 ** 27 0.0248 +* 27 0.0441 #*
Error 128 0.0083 160 0.0083 160 0.0056
C.V. (%) 18.3 14.2 12.4
Mean 0.4977 0.6414 0.6059

ns,*, **, Nonsignificant, significant at p < 0.01 or p < 0.05, respectively.

The cultivars ‘Diamante’ and ‘Granada’ showed the same behavior, and
a slight reduction was observed for this variable when exposed to 30°C
when compared to 18°C. ‘Chimarrita’, “Turmalina’, and ‘Conserva 594’
had a large decrease in the percentage of pistils with pollen tube growth
in the styles at 30°C in comparison to those at 18°C.
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Percentage of pistils with pollen tubes in the style of peach flowers (%) at 18°C and 30°C for 24
to 96h during 2011. ™, **, * Nonsignificant or significant at p < 0.01 or p < 0.05, respectively.

During 2012, the ‘Granada’ cultivar (Figure 8) showed similar
behavior to the previous year, as well as ‘Sensa¢ao’ and “Turmalina’.
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Figure 8
Percentage of pistils with pollen tubes in the style of peach flowers (%) at 18°C and 30°C for 24
to 96h during 2012. ™, **, * Nonsignificant or significant at p < 0.01 or p < 0.05, respectively.

‘Cascata 1303, ‘Chimarrita’, ‘Conserva 594, ‘Maciel’, “Tropic Beauty’,
and “Turmalina’ (Figure 8) were the most negatively influenced genotypes
by heat in terms of the presence of pollen tubes in the style during 2012.
‘Diamante’ was only negatively influenced after 72h exposed to 30°C.

The 2014 results were consistent with the 2012 results for ‘Cascata
1303’, ‘Chimarrita’, “Tropic Beauty’, and “Turmalina,” showinga decrease
in the percentage of flowers with pollen tubes in the styles at both
temperatures, and for ‘Maciel’ and ‘Diamante’, which showed minimal or
no change at 18°C but were negatively affected at 30°C (Figure 9).

In contrast, ‘Sensa¢ao’ and ‘Atenas’, which during previous years
showed consistent pollen tube presence in the style, showed a negative
response to the temperature stress during 2014.

For the 3 years of evaluation, a decrease in the presence of pollen tubes
in the transmitting tissue of style when the flowers were maintained under
30°C compared to 18°C was observed in most of the studied genotypes.
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Figure 9
Percentage of pistils with pollen tubes in the style of peach flowers (%) at 18°C and 30°C for 24
to 96h during 2014. ™, **, * Nonsignificant or significant at p < 0.01 or p < 0.05, respectively.
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The most negatively affected genotypes at 30°C compared to 18°C
regarding the percentage of pistils with pollen tubes in the transmitting
tissue of style were ‘Cascata 1303’, ‘Chimarrita’, ‘Conserva 594,
‘Diamante’, ‘Maciel’, “Tropic Beauty’, and “Turmalina’. Whereas the less
affected types were ‘Atenas’, ‘Granada’ and ‘Sensagao’.

In the same manner as observed for adherence and germination, in
general, the 30°C treatment was more harmful to pollen tube penetration
in the style, and it also seems that this parameter was more sensitive to
heat; the decrease in the percentage of flowers with pollen tubes in the
style seems to occur more rapidly and to a greater extent than the decrease
that occurs in terms of pollen adherence and germination.

Studies regarding floral receptivity indicate that pollen adherence and
germination are less sensitive to high temperature than pollen growth in
the style and into the ovary. The loss of stigmatic receptivity occurs first
with the loss of the capacity of pollen tubes to penetrate into the style,
followed by the loss of the capacity of the flower stigma to support the
pollen germination, and finally the loss of the stigma capacity to support
the pollen adherence. This behavior has also been observed in others’
studies of peach (Hedhly et al., 2005) and olives (Vuletin Selak et al.,
2013).

The highest sensitivity of pollen tube penetration to heat was also
verified in the present experiment. The genotypes suffered a major loss in
the presence of pollen tubes in the style, followed by a reduction in pollen
germination and the adherence of pollen in the stigma of the flower. For
example, selection ‘Cascata 1303, particularly during 2012 and 2014,
after 72 and 48h of heat exposure, although it had no pollen tubes in the
transmitting tissue of the style, pollen germination was still observed and
to a greater degree pollen adherence. The cultivars ‘Chimarrita’, “Tropic
Beauty’, and “Turmalina’ and the selection ‘Conserva 594 also showed
similar behavior.

The genotypes ‘Chimarrita’ and ‘Cascata 1303 at 72h had already
showed very few or no pistils with pollen tubes in the style, particularly
during 2012 and 2014, indicating a high susceptibility to elevated
temperature. This sensitivity can explain why ‘Chimarrita’, although
considered a low chill (200-300h < 7.2°C) peach in Brazil, is not
cultivated in peach-producing regions in which the temperature is high
during the flowering time, such as Southeast Brazil.

Other cultivars such as “Tropic Beauty’ and “Turmalina’ also showed
a reduction in the percentage of pistils with pollen tubes in the style;
however, only after 72h of exposure to 30°C.

Although most of the studied genotypes suffered when exposed to
high temperature to some extent, some genotypes such as ‘Atenas’,
‘Diamante’ (2011 and 2012), ‘Conserva 594’ (2011 and 2014), and
“Tropic Beauty’ showed some tolerance to heat stress. In addition,
although they showed a reduction in the percentage of flowers with the
presence of pollen tubes in the style for at least 2 years, the main decrease
occurred only after the pistils had remained in this condition for 96h
subject to the higher temperature.
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‘Sensacao’ also appears to show some degree of tolerance to high
temperature because during 2 (2011 and 2012) out of the 3 years of
evaluation, it did not show any signs of having undergone negative heat
action during any of the steps of stigmatic receptivity.

A different behavior from other genotypes was observed in the cultivar
‘Granada’, which basically behaved in the same manner during all of
the studied years for all parameters and decreased during all of the
evaluation for both temperatures over time. However, there are literature
reports that this cultivar shows a reduction in effective fruiting when
high temperatures occur during the flowering period (Couto etal., 2010).
Thus, it is not possible to attribute this poor fruitification to the influence
of heat on the stigma receptivity of this cultivar, which suggests that egg
or pollen viability and their sensitivity to heat may also be factors in the
determination of the fruit set of this cultivar as is supported by a study by
Nava et al. (2009). This study indicated that high temperature decreased
the viability of embryo sacs and lowered the production of normal pollen
grains in the cultivar ‘Granada’.

In the present study, we determined that a temperature of
30°C negatively affected stigmatic receptivity (pollen adherence and
germination and pollen tube growth), particularly in some genotypes,
such as ‘Cascata 1303’, ‘Conserva 594’, ‘Chimarrita’, ‘Maciel’, “Tropic
Beauty’, and ‘“Turmalina’. Considering that the loss of the capacity of
pollen tube penetration in the style transmitting tissue occurs first and
that no fecundation is possible without it, these genotypes are more
susceptible to high temperature, even if they still have pollen adherence
and germination. However, ‘Atenas’, ‘Granada’, and ‘Sensagao’ seem to
have some degree of heat tolerance.

For all the evaluated parameters, differences in the behavior of the
genotypes among the studied years were found. Differences in stigmatic
receptivity for the same genotypes among years have also been found in
cherry (Kodad & Socias i Company, 2013). The differences in our study
were probably because of differences in climatic conditions during the
years and the pre-flowering conditions as the plants were maintained in
the field under natural conditions, which emphasizes the importance of a
knowledge of the materials to be grown in a specific climatic area.

Conclusion

The stigmatic receptivity was more injured at 30°C in comparison to that
at 18°C. The pollen tube in the stigma was the most heat-sensitive among
the studied parameters. Most of the genotypes showed a reduction in
pollen tubes in the style over 72h at 30°C. ‘Cascata 1303’, ‘Conserva 594,
‘Chimarrita’, ‘Maciel’, “Tropic Beauty’, and “Turmalina’ were the most-
heat susceptible genotypes. ‘Atenas’, ‘Granada’, and ‘Sensagao’ showed
some degree of heat tolerance.
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