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Abstract
As in other areas of the world, global warming is also a reality in Southern Brazil, where the occurrence of
temperatures above 25°C prior to blooming is becoming common, which is detrimental to the production of tem-
perate climate fruit species. The aim of this work was to evaluate the effect of 30°C, during blooming, on pistil
length, pollen number and viability of peach genotypes. Different genotypes as well as male and female parts of
the flowers, responded differently to temperature. Among the assayed genotypes, ‘BR1’, ‘Chimarrita’, ‘Tropic

Beauty’ and ‘Atenas’ showed higher tolerance to the high temperature condition.

In warm geographic zones, high tem-
perature is the main environmental stress
that limits growth, metabolism, and plant
productivity worldwide (Hasanuzzaman
et al., 2013). The most sensitive phase of
plant development to extreme temperatures
that dramatically affects the productivity of
grains, vegetables and fruit crops is the flow-
ering stage. As the flower is the organ that
develops into a fruit, abiotic stress affects its
capacity for fruit and seed production, lead-
ing to productivity loss (Hedhly, 2011). Very
low temperatures during winter can damage
buds by freezing, while high temperatures
during pre-flowering and flowering leads to
poor flower quality, a shortened flowering
period and reduced effective pollination pe-
riod (Hedhly et al., 2005). Poor fruit set is a
serious problem for peach production under
tropical and subtropical climatic conditions
mainly due to warm temperatures during dor-
mancy and bloom (Kozai et al., 2004). The
reduced number of chilling hours associated
with mild winter conditions, results in abnor-
mal shoot growth patterns and poor plant de-
velopment of temperate climate fruit trees in
these regions. In addition, high temperatures,

especially those above 25°C, before and dur-
ing bloom can cause poor fruit set and low
productivity.

Studies involving sexual reproduction are
difficult because gamete development and
fertilization are complex processes that oc-
cur in a short period of time and are mostly
hidden by flower tissues (Zinn and Harper,
2010). Nevertheless, it is important to under-
stand the effect of temperature on the repro-
ductive phase of peach, since maximum tem-
peratures above 25°C during the pre-flower-
ing and flowering phases have been observed
in peach production areas of Brazil.

The objective of this study was to evaluate
the effect of two different temperatures dur-
ing the pre-flowering stage on pistil length,
number of pollen grains per anther (NPGA),
and pollen viability in different peach geno-

types.

Materials and Methods
The experiment was carried out over a
three-year period (2011, 2012 and 2014) at
Embrapa Clima Temperado, Pelotas, Rio
Grande do Sul, Brazil (2013 was not includ-
ed due to data loss). Twelve peach genotypes
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Table 1. Chill hours (CH), average full bloom (FBD) and harvest dates (HD), average cycle (C), flesh color (FC)
and purpose (PUR) of 12 peach genotypes, when grown in. Pelotas, RS, Brazil.

Genotype CH* FBD HD C* FC PUR
Atenas 250 05/08 21/11 108 Y D
Aurora 1 <50v 22/07 20/11 120 Y F
BR 1 <300 22/08 06/12 116 W F
Cascata 1303 <250 05/08 14/11 101 \Y F
Chimarrita 350 22/08 04/12 104 \% F
Conserva 594 <250 25/07 06/12 134 Y P
Diamante 200 06/08 06/12 122 Y D
Granada 300 12/08 18/11 108 Y P
BRS Libra <200 10/07 24/10 106 Y P
Maciel <300 27/07 10/12 135 Y D
Tropic Beauty <50Y 18/07 09/11 114 Y F
Turmalina 350 03/08 22/11 111 Y P

* Chilling requirement in hours below 7.2 °C (CH), data from the Embrapa peach breeding program.

¥ As reported by Pedro Junior et al., (2007).

* Average cycle calculated based on number of days from full bloom to harvest date (C); Flesh color yellow (Y) or white (W);
Dual purpose (D) (processing and fresh), fresh market (F), or Processing (P).

were used in this study (Table 1). They were
grafted on ‘Aldrighi’ peach rootstock and
established in pots. All genotypes are from
the peach breeding program of Embrapa ex-
cept ‘Tropic Beauty’ which was released in
a partnership between Texas A&M Univer-
sity and the University of Florida , and ‘Au-
rora 1°, which originated from the Instituto
Agronomico de Campinas breeding program,
Sao Paulo, Brazil. ‘Tropic Beauty’ was cho-
sen because of its adaptation to warm areas,
‘Aurora 1’ was developed for planting in sub-
tropical areas, Cascata 1303 and Conserva
594 are selections from the Embrapa breed-
ing program, considered as very low chill
and being adapted to subtropical regions like
‘Turmalina’. The other tested cultivars are
largely planted in Southern Brazil.

Before bud swelling (June), eight to 10
plants of each genotype, were placed in a
cold room at 4°C, 70% average humidity
and no light, for 360 h, aiming to accumulate
enough chill hours (hours below 7.2°C) for
dormancy completion of all the genotypes.
After this period, plants were kept in a green-
house at 14°C, until buds reached the desir-

able flowering stage. It is interesting to note
that due to genetic differences, the phenolog-
ical behavior of the genotypes were different
so the temperature treatments started at dif-
ferent times for each genotype. When most of
the buds in each genotype began to swell, or
the B stage, according to the Baggiolini scale
(Baggiolini., 1952), four to five plants of that
genotype were placed in a heat chamber at
30°C, for 48 h, in absence of light, whereas
others remained at 14°C in a greenhouse
under natural light. Both environments were
kept at 70% relative humidity. After the 48 h
in the heat chamber, the plants were returned
to the greenhouse (with natural light) until
bloom. Four replications of five flowers re-
cently opened were randomly collected from
each genotype and treatment, and in random
positions of the plant, and their pistil lengths
were measured in mm, with a ruler.

For number of pollen grains per an-
ther (NPGA), the experimental design was
completely randomized with four replica-
tions and five flowers per plot. These flow-
ers were randomly collected from the plants
exposed to 14°C or 30 °C. From each plot,
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five anthers were detached, giving a total of
25 anthers per replication. The anthers were
placed in vials and, when they were dry, 1
ml of lactic acid was added to the vial. The
number of pollen grains per anther (NPGA)
was counted according to Tuite (1969), using
a Neubauer chamber.

For in vitro pollen viability, remaining
anthers of the same flowers used for NPGA
were removed and dried on a piece of paper,
at room temperature for two days. Immedi-
ately after drying, the viability was measured
by scattering the pollen on a solidified germi-
nation medium (sucrose 10%, agar 1% dis-
solved in distilled water) on slides adapted
to this purpose, and left to germinate during
three hours at 24°C (Couto et al., 2010). The
pollen was considered germinated when the
pollen tube length exceeded the pollen grain
size.

NPGA had two years of data whereas the
other parameters were observed for three
years.

For statistical analysis, pollen grains per
anther and pollen viability data were trans-

formed to and arc sin (respectively. The
experimental design was completely ran-
domized with a 12 x 2 factorial treatment
structure (genotype-temperature) with four
replications. Data were analyzed by analysis
of variance (ANOVA), and means were com-
pared by Scott-Knott test using the SISVAR
statistical software (Ferreira, 2011).

Results and Discussion

Significant genotype-temperature interac-
tion was observed for NPGA in 2011 and
2012 (Table 2). Two cultivars, Tropic Beauty
and Chimarrita were not affected either year
whereas the selections Cascata 1303, Con-
serva 594 and ‘BRS Libra’ had lower NPGA
when the plants were exposed to the 30°C
temperature, compared to 14°C, for both
years of evaluation. The selection Conserva
594 had the highest reduction, 52.9% and
68.8% 1n 2011 and 2012, respectively. Other
cultivars had reduced NPGA in only one of
the two years. These included ‘Diamante’
(59.2%), ‘Granada’ (47.3%) and ‘Turmalina’
(67.0%) with decreases in NPGA in 2011,

Table 2. Number, percentage loss and average number of pollen grains per anther for 12 peach genotypes exposed
to 14°C and 30°C, during pre-bloom in Years 2011 and 2012, Pelotas, RS, Brazil.

2011 2012

Genotype 14 °C 30 °C Loss (%) Average 14 °C 30 °C Loss (%) Average
Atenas 800 bA* 560 bA 30.0 680 b 1260 bA  530cB 57.9 895 ¢
Aurora 1 570 bA 400 bA 29.8 485D 1220 bA 800 bB 344 1010 b
BR 1 840 bA 1240 aA  -47.6 1040 a 1850 aA 1420 aB 23.2 1635a
Cascata 1303 1090 aA  610bB 44.0 850 b 1340 bA 790 bB 41.0 1065 b
Chimarrita 780 bA 570 bA 26.9 675b 210 eA 190 eA 9.5 200d
Conserva 594 1020 aA 480 bB 52.9 750 b 160 cA 50 gB 68.8 105¢
Diamante 980 aA 400 bB 59.2 690 b 170 cA 260 cA -529 215d
Granada 930 aA 490 bB 473 710 b 130 eB 250 eA -923  190d
BRS Libra 1470 aA 960 aB 34.7 1215 a 670 dA 400 dB 40.3 535d
Maciel 980 aA 1030 aA  -5.1 1005 a 230 eA 60 gB 73.9 145 ¢
Tropic Beauty 1270aA 840 aA 33.9 1055 a 910 cA 700 bA 23.1 805 ¢
Turmalina 1120aA 370 bB 67.0 7451 175 eA 140 fA 20.0 157d
Average 988 A 663 B 31.1 825.0 694 A 466 B 20.6 579.8
CV (%) 17,2 13,3

* Means followed by the same lowercase letters in the colum and uppercase letters in the row do not differ by Scott-Knott test at

»<0.05. Mean comparisons were made only within years.
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and ‘Atenas’ (57.9%), ‘Aurora 1’ (34.4%),
‘BR1” (23.2%) and ‘Maciel’ (73.9%), in
2012. Interesting to note that ‘Granada’ and
‘Diamante’ had higher NPGA at 30°C, in
2012.

‘BR 1’ had a reduction in 2012, for plants
exposed to 30°C, but still had the highest
pollen production among the evaluated geno-
types.

The production and germination of pol-
len is affected by both genetic and environ-
mental factors (Camposeo et al., 2008; Mert,
2009). Differences in pollen grain production
among years were found in other Prunus spe-
cies such as sour cherry (Davarynejad et al.,
2008), peach (Nava et al., 2009) and apricot
(Gallotta et al., 2014). The NPGA differ-
ences between years could also be due to the
pretreatment conditions of the potted plants
(which were grown outside before the cold
room treatment, thus exposed to natural con-
ditions). The temperatures (maximum, aver-
age and minimum) in May, were higher in
2012 than in 2011 (Table 3).

High temperatures during dormancy to
the pre-bloom period can negatively influ-
ence the production of pollen grains or lead
to male gametophyte sterility (Kozai et al.,
2004). In our case, May temperatures in 2012
were warmer than in 2011, by 2.7°C, 1.6°C
and 0.7°C for the maximum, average and
minimum temperature respectively.

Genotype-temperature interaction was sig-
nificant for pollen viability for the three stud-
ied years (Table 4). ‘Atenas’ and ‘BR1’ were
not negatively affected by exposure to 30°C,
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whereas ‘Aurora 1°, ‘BRS Libra’, ‘Maciel’,
“Turmalina’ and the selection Cascata 1303
had pollen viability reduced in two out of
three years, indicating that these genotypes
were more sensitive to high temperatures. A
similar temperature effect on pollen germi-
nation with varied cultivar response was re-
ported for citrus (Distefano et al., 2012) and
strawberry (Ledesma andSugiyama, 2005).

The most adapted cultivars to subtropical-
tropical climates should produce 1000-2000
pollen grains per anther with a viability rang-
ing usually from 60% to 95% (Barbosa et al.,
1989). Only ‘BR1’ fulfilled these require-
ments. In general, an average percentage of
germination over 50%, regardless of the year
and temperature, is considered satisfactory
(Scorza and Sherman, 1995). None of geno-
types exposed to high temperature treatment
had pollen viability lower than 50% for the
three years of evaluation, except ‘Diamante’
and ‘Turmalina’, with the latter one in two
out of three years of study. ‘Diamante’ did
not have reduced pollen viability from the
temperature stress in the second and third
years of evaluation, but had the lowest aver-
age viability among the studied genotypes in
all years except ‘Chimarrita’ in 2012.

This fact did not appear to have much
consequence since a single pollen grain can
fertilize the ovule. However, it may also indi-
rectly serve as an indicator of higher or lower
tolerance of genotypes to high temperatures
at the pre-bloom stage.

For pistil length, the genotype-temperature
interaction was significant for the years 2012

Table 3. Average (°C) maximum (Max.), medium (Med.) and minimum (Min.) temperature occurred on May,
June, July and August of 2011 and 2012, at the Embrapa Clima Temperado, Pelotas, RS, Brazil.

Average Temperature (°C)*

May June July
Year  Max. Med. Min. Max. Med. Min. Max. Med. Min.
2011 19.0 14.4 10.9 15.6 11.7 8.3 14.9 10.6 7.1
2012 21.7 16.0 11.6 17.2 12.0 7.7 14.5 9.7 5.5
2014 199 15.6 12.3 12.3 18.0 11.4 18.7 14.3 11.2

“ Data collected from the Agrometeorological Station of Embrapa Clima Temperado, Pelotas, RS, Brazil.
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Table 4. Pollen viability (%) and average pollen viability for 12 peach genotypes exposed to 14 °C and 30 °C

during pre-blooming time in the years of 2011, 2012 and 2014, Pelotas, RS, Brazil.

Genotype 2011 2012 2014
14 °C 30°C  Average 14 °C 30°C  Average 14 °C 30°C  Average

Atenas 29dB* 55bA 42c¢ 63aA 67aA 65D 77bA  73aA 7T5a
Aurora 1 89aA 54bB 72b 62aA 55bA 59b 85 aA 74aB  80a
BR 1 74bA  63bA 69D 78aA  T75aA T7a 48dA  60aA Sdc
Cascata 1303 84bA 56bB  70b 76 aA  T76aA 7T6a 84 aA 72aB  78a
Chimarrita 87bA 40cB 64b 29bA  36bA 33d 67bA  62bA 65D
Conserva 594 80bA 46cB  63b 37bA  49bA 43¢ 61 cA 68bA 65D
Diamante 51cA 28cB  39c 39bA  31bA 35d 35eA 30cA  33d
Granada 89aA 56bB 73b 48bA S51bA 50c 74bA  65bA 70b
BRS Libra 88aA 84aA 86a 71aA  50bB 61b 90 aA 67bB  79a
Maciel 82bA 67bB 75b 75aA  50bB  63b 79bA  T75aA T7a
Tropic Beauty 84bA 62bB 73b 55bA  49bA S2¢ 78 bA 72aA  T5a
Turmalina 89aA 39cB 64b 70aA  44bB 57b 72 bA 78aA T5a
Average 7712A 542B 66 58.6A 528B 56 70.8A 663B 69
CV(%) 10.9 16.4 11.5

“ Means followed by the same lowercase letters in the column and uppercase letters in the row do not differ by Scott-Knott test at
p <0.05. Mean comparisons were made only within years.

Table 5. Pistil length and average pistil length (cm) of peach genotypes exposed to the temperatures of 14°C and
30°C, during pre-blooming time in the years 2011, 2012 and 2014, Pelotas, RS, Brazil.

Genotype 2011 2012 2014

14 °C 30 °C Average 14 °C 30 °C Average 14 °C 30°C Average
Atenas 1.49 aA™ 137aA 143a 1.91 aA* 194aA 1.93a 1.73aA  1.67aA 1.7a
Aurora 1 1.37aA  126aA 132a 1.63cA 151cA 1.57¢ 1.26cA 132cA 1.29d
BR 1 1.57aA 152aA 155a 1.59cA 1.28dB 144c 1.60aA 131cB 1.46¢
Cascata 1303 1.48aA 1.52aA 1.50a 1.71bA  1.74bA 1.73D 1.57aA 145bB 1.51b
Chimarrita 1.36aA 125aA 131a 145cA 1.57cA 1.51c¢ 1.47bA 147bA 147c¢
Conserva 594 1.52aA 1.6laA 1.57a 1.45cA 1.58cA 1.52¢ 1.47bA 150bA 1.49c¢
Diamante I.51aA 1.15aA 133a 1.58cA 142cA 150a 145bA 136cA 14lc
Granada 1.31aA 1.17aA 124a 1.64cA 147cA 1.56¢ 146 bA 135cA 14lc
BRS Libra 147aA 134aA 14la 1.55cA 1.50cA 1.53c 1.63aA 145bB 1.54
bMaciel 1.59aA 135aA 147a 1.92aA 1.73bB 1.83c¢ 1.57aA 156aA 1.57b
Tropic Beauty 1.53aA 1.51aA 1.52a 1.65cA 1.62bA 1.64c 1.53aA 1.60aA 1.57b
Turmalina 1.54aA 1.52aA 153a 1.76 bA  1.65bA 1.71D 1.64aA 1.48bB 1.56b
Average 1.48 A 1.37B 1.65 A 1.58 B 1.53A 1.46B
CV (%) 19.6 7.8 5.7

NS Non significant at p < 0.05.
* Means followed by the same lowercase letters in the column and uppercase letters in the row do not differ by Scott-Knott test
at p < 0.05. Mean comparisons were made only within years.
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and 2014 but not for 2011 (Table 5). Over-
all the 30°C treatment caused a shortening
of the pistils, in this study. This shortening
along with abnormal development of ovarian
tissue was also observed in apricot during the
last week of flower development when tem-
perature was increased (Rodrigo and Her-
rero, 2002), and may be related to an accel-
eration of anthesis (Zinn,et al., 2010) which
does not allow the reproductive structures to
completely develop before the flower opens.

In our study, pistil length of ‘Atenas’, ‘Au-
rora 1°, ‘Chimarrita’, Conserva 594, ‘Dia-
mante’, ‘Granada’ and ‘Tropic Beauty’ were
not negatively affected by high temperature.

Analyzing the data together, for the male
flower parts there was no reduction in NPGA
for ‘Chimarrita’ and ‘Tropic Beauty’, and the
cultivars Atenas and BR1 had no reduction
in pollen viability, when plants were exposed
to 30°C for 48 hours. ‘BR1’, even with the
reduction in the number of pollen grains per
anther, in 2012, produced more pollen grains
than those produced by other genotypes.

For the female part of the flower evalu-
ated, in this case the pistil length, genotypes
not negatively affected by high temperature
were ‘Atenas’ ‘Aurora 1°, ‘Chimarrita’,
Conserva 594, ‘Diamante’, ‘Granada’ and
‘Tropic Beauty’. However, there are other
important variables not considered in this
study such as stigma receptivity and ovule
longevity, among others.

Genotypes that were superior to the others
in at least two of the variables studied were
‘Chimarrita’, ‘Atenas’, and ‘Tropic Beauty’.

Overall, there was a reduction in number
of pollen grains per anther, pollen viability,
and pistil length for plants subjected to 30°C
as compared to those maintained at 14°C.
However, peach genotypes differed dramati-
cally in their responses with the most toler-
ant of the genotypes assayed, being ‘BR1’,
‘Chimarrita’, ‘Tropic Beauty’ and ‘Atenas’.
In spite of the differences between years, this
indicates that it is possible to develop peach
cultivars with enhanced tolerance to high
temperatures during blooming.
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There is rich diversity in the genus Actinidia, as show in the cover photograph.Considerable
variation exists in internal color as well as size, external color and shape. Breeding for
improved size, flavor, color and storage life is progressing but the crop is based on only a
very few cultivars internationally. Commercially, kiwifruit was originallyreliant on only the
green-fleshed type but gold-fleshed cultivars have recently become very popular, especially

in Asian markets.

Photo courtesy of Dr A. R. Ferguson,

The New Zealand Plant and Food Research
Institute Ltd.



