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Abstract

Different studies have shown that global warming and climate change have
increased the planet’s temperature in different locations. For the apple-growing
farmers, this may have a negative impact on the accumulations of chill units
when the air temperature during the fall-winter season increases. When the
entire trees are covered with a reflective material, the wood temperature may
decrease. Therefore, the objective of this study was to evaluate the effect of
whitening (with calcium hydroxide) the entire apple trees (Malus domestica
Borkh) after defoliation, on the branches and trunks’ internal temperature
(under the bark), the accumulation of chill units (CU), its effects on fruit
yield and quality and the relation with the use of thidiazuron (TDZ) (inducer
of budbreak). The study was conducted during the fall-winter seasons of
2019-2020 and 2020-2021. The results of this study showed that at the hours
of the highest incidence of solar radiation, the internal temperature of the
whitened trunks and leaves decreases up to 9°C and 6°C respectively. The ac-
cumulated CU during the time of the study, of the whitened branches were up
to 81% higher than the ones recorded on the branches with no whitening; while
the CU was lost at the hours of highest solar radiation (due to a high tempera-
ture) were up to 37.2% smaller. Entire tree whitening increased up to 26% of
the yield per tree compared to the application of TDZ. No statistical differ-
ence in fruit quality was observed between whitened trees and those with no
whitening but with the application of thidiazuron.

Keywords

Malus domestica Borkh, Chill Units, Whitening, Calcium Hydroxide, Budbreak

DOI: 10.4236/ajps.2022.138074 Aug. 15, 2022

1100 American Journal of Plant Sciences


https://www.scirp.org/journal/ajps
https://doi.org/10.4236/ajps.2022.138074
https://www.scirp.org/
https://doi.org/10.4236/ajps.2022.138074
http://creativecommons.org/licenses/by/4.0/

A. Zermefio-Gonzalez et al.

1. Introduction

The apple is a deciduous tree that requires low temperatures during the fall-winter
season to accumulate sufficient chill units (CU) to get an adequate and uniform
blossom budbreak and to obtain a uniform harvest with high fruit yields [1] [2]
[3].

One chill unit can be defined as one hour when the air temperature is between
0 and 7.2°C [4] [5] [6]. Deciduous trees need to store chill units to break the tree
dormancy [7]. The Golden Delicious cv requires approximately 850 CU to get a
good and uniform budbreak [8] [9], although the CU requirements depend not
only on the cultivars but also on the interactions between the cultivars and the
environmental factors [10] [11].

A deficient accumulation of CU results in a longer period of tree rest, irregu-
lar and deficient flowering, inhibition of vegetative and floral buds, detachment
of vegetative and floral buds and abortion of embryos [12] [13] [14] [15]. A
consequence of this can be an unseasonable harvest, lack of maturity and fruits
of small size.

Different studies have shown that due to the increase of greenhouse gases ori-
ginating from the burning of fossil fuels, deforestation and agricultural activities,
the global planet temperature has risen [16] [17] [18]. Due to the increment of
air temperature during the winter season in the regions of apple production, the
trees may not accumulate enough CU for an adequate bud break. When the air
temperature fluctuates considerably between day and night, it reduces the add-
ing of CU, while continuity of low temperatures favors its accumulation [19]
[20]. In the regions of warm winters, cold nights usually occur but warm and
sunny days cause a warming of the trees and as a consequence, a negative effect
on the accumulation of CU. The highest warming of the trees occurs from 12 to
17 hrs due to a greater incidence of solar radiation. These conditions may result
in a deficient and irregular budbreak and blooming, causing irregular harvest
and low yields.

To attenuate this problem, the growers usually apply chemists such as cyana-
mide and thidiazuron (TDZ) to induce budbreak. The applications are done by
the last part of the winter season (approximately 20 days before blooming).
However, the results of these applications are not always favorable because they
depend on several factors such as the CU accumulated before the applications,
the date of the applications and the doses applied [21] [22] [23].

Another approach to mitigate this problem is to apply white substances on the
trunk and branches such as calcium hydroxide and white paint, in order to re-
flect the solar radiation from the surfaces of the trees and reduce the internal
heating. The whitening with calcium hydroxide or white paint is a well-known
practice that has been done for decades in many countries to delay the budbreak
and reduce trunk cracking [24]. For instance, Durner and Gianfagna [25] ob-
served that the budbreak of floral buds on peach trees was delayed two days

when the trees were painted with white paint, before the winter season. Gar-
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cia-Perez et al [26]) indicated that the trunks’ temperature of pecans limed or
white painted was smaller with a higher number of floral budbreak than those
with no whitening.

Another white substance as Kaolin, which has a high reflectivity, has been ap-
plied to reduce the leaf temperature and transpiration, and to improve the pho-
tosynthesis rate of apple trees [27] and grapefruits [28] that gave higher fruit
yields.

Under the hypothesis that the whitening of the entire apple trees increases the
CU and yield, the objective of this study was to evaluate the effect of liming
complete apple trees on the internal temperature of the branches and trunks; the
CU accumulated during the winter season, its effects on yield and quality of
fruits and the relation to yield obtained by applying thidiazuron as a bud break

inducer.

2. Materials and Methods
2.1. Study Site Description

The study was conducted on an apple orchard located in Jame, municipality of
Arteaga, Coahuila, Mexico, during the fall-winter seasons of 2019-2020 and
2020-2021. The orchard is located at 25°22'N and 100°37'W at an elevation of
2280 m. The rain occurs basically from May to October, the yearly average rain-
fall is between 400 and 500 mm and the annual mean higher and lower air tem-
peratures are 31°C and 10°C respectively [29].

The study was carried out on an orchard of apple trees cultivars Golden deli-
cious of nine years old, 3.5 m height grafted over rootstock M 111. The trees are
aligned on lines (east-west) separated by 4 m and 3 m between trees. The trees
are drip irrigated every other day to maintain adequate soil moisture content.
The pest control was made by the owner of the orchard according to the rec-

ommendations established for the region.

2.2. Treatments Evaluated and Experimental Design

To evaluate the effect of the entire whitening of apple trees on fruit yield and
quality, and the relation with the use of TDZ to induce budbreak, a complete
randomized block design with four treatments and six replications (Figure 1)
was used, and the experimental unit was one tree.

The evaluated treatments were: No whitening nor application of TDZ (T1,
control), entire whitening of apple trees at the end of the fall season (T2), appli-
cation of TDZ before spring (T3) and entire whitening of apple trees at the end
of the fall season and application of TDZ before spring (T4).

The entire whitening of the apple trees was done on December 3 of 2019 and
December 7 of 2020, when the trees were totally defoliated, using a sprinkler
backpack. The solution to whitening the trees was made by dissolving 1.5 kg of
calcium hydroxide (for agricultural use), 15 mL of Bionex as adherent on 10 L of

water, for whitening the six trees of the corresponding treatment. A second

DOI: 10.4236/ajps.2022.138074

1102 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2022.138074

A. Zermefio-Gonzalez et al.

e %6 e

Figure 1. Diagram of the field study in a randomized complete block design of four
treatments and six replications.

application of the suspension was applied on the first week of January 2019 and
2020.

The solution of TDZ was prepared by dissolving 3 g of TDZ (Thidiazuron)
and 15 mL of Bionex as adherent in 10 L of water to shower the six trees with the
corresponding treatment. The applications were made before the spring of each
year, March 2 of 2020 and March 7 of 2021.

2.3. Temperature measurements

To evaluate the effect of the entire whitening in the internal temperature of the
trees and the accumulation of CU, we inserted thermocouples of cupper-constantan
(0.6 mm of diameter) under the bark of four branches of one tree of the treat-
ment two (entire whitening at the beginning of winter season and in another tree
of treatment one (no whitening, no application of TDZ). We also inserted two
thermocouples in the north and south faces of the trunks of the same trees. The
air temperature was measured with a sensor of temperature and relative humid-
ity (Vaisala, Logan, Utah, USA). The measurements were made at a frequency of
1 s, and average values of 30 min were stored in a datalogger CR1000 (Campbell
Sci, Inc, Logan, Utah) during the time of the study (December to March of each
year).

To calculate the accumulated chill units (ACU), we defined five temperature
intervals with the corresponding weighting factors [6] [30] (Table 1). A chill
unit is added or reduced by multiplying the weighting factor for the average
one-hour temperature. We obtained the ACU using the air temperature and the
internal temperature of the branches with and without whitening.

In this study, a climatic potential index (CPI) was established to evaluate if the
climatic conditions of the fall-winter season were ideal for the accumulation of
chill units. The CPI was the relation of the ACU using the air temperature and
the highest possible ACU during a day (24) (Table 1). The higher the value of
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Table 1. Temperature intervals and weighting factor (Wf) to calculate the accumulated
chill units (ACU).

Temperature (°C): Wi
<1 0
1-10 1
10-15 0.5
15-20 0
>20 -1

the CPI, the better the fall-winter season for the accumulation of CU. When the
CPI is one for the fall-winter season the trees will have the highest ACU.

2.4. Fruits Yield and Quality

The effect of the treatments on the fruits yield and quality was evaluated by har-
vesting all fruits of the six trees of each treatment. The yield parameters were the
weight and the total number of fruits while, of the quality were brix grades (ma-
nual refractometer Atago ATC-1E with automatic compensation of tempera-
ture), firmness (manual penetrometer Effegi FT-327 with points of 11.3 mm of
diameter), quality index of fruits of the first and second category.

Brix grades and fruit firmness were evaluated in four fruits for each experi-
mental unit. The index of first quality fruits was obtained by dividing the num-
ber of fruits with an equatorial diameter bigger than 70 mm by the total fruits of
the corresponding tree. The fruits second quality index was the relation between
the number of fruits with an equatorial diameter bigger than 66 mm and less
than 70 mm and the total number of fruits. The ANOVA of the treatments was
done using R-studio version 3.0 and the multiple mean comparisons of treat-
ments, the Tukey test (¢ < 0.05) was used.

3. Results and Discussion
3.1. Branches and Trunks Internal Temperatures

During both fall-winter seasons, from 9:00 to 19:00, the air temperature was
smaller than the internal temperature (under the bark) of the branches with and
without whitening. The highest difference occurs at the time of the highest inci-
dence of solar radiation (12:00 to 17:00) (Figure 2 and Figure 3). The internal
temperature of the branches without whitening was up to 10°C higher than the
air temperature, whereas the internal temperature of the whitened branches was
up to 5.2°C above air temperature. In addition, the internal temperature of the
control branches (without whitening) was up to 6.0°C higher than the whitened
branches. Hernandez-Herrera et al. [31] reported a difference of up to 5°C be-
tween the branches with and without whitening. These differences in tempera-
ture among the air and the branches with and without whitening are reflected in

different values of ACU during the fall-winter season. For many days, from
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Figure 2. Temperature of the air and the branches with and without whitening observed at different dates during the winter of the
year 2020, at Arteaga, Coahuila, Mexico.
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Figure 3. Temperature of the air and the branches with and without whitening observed at different dates during the winter of
2020-2021, at Arteaga, Coahuila, Mexico.

approximately 11:00 to 18:00, the air and branches’ temperature is higher than
15°C (Figure 2 and Figure 3) which indicates that the ACU of the trees will be
zero or negative (Table 1). The high temperatures during the warm days of the
winter season may have a negative effect on the accumulation of chill units [14]
[15]. From Figure 2 and Figure 3 it is possible to see that the effect of reducing

the branches’ internal temperature, by the whitening of the entire tree that in-
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creases the solar reflectivity, is possible to reduce the loss of ACU during the
days of a high incidence of solar radiation.

During the night, the temperature of the branches with and without white-
washing was very similar, and both were smaller than the air temperature
(Figure 2 and Figure 3). Similar patterns were observed during the course of the
two winters. Always the internal temperature of the whitened branches at the
time of the highest incidence of solar radiation was smaller than the internal
temperature of the control branches.

The effect of entire whitening in the reduction of the internal temperature was
higher in the south face of the trunks because this side receives direct solar radi-
ation most of the day (Figure 4 and Figure 5). During the time of the highest
incidence of solar radiation (12:00 to 17:00) the internal temperature of the
south face of the whitened trunks was up to 9°C smaller than the internal tem-
perature of the control trunks of the same orientation. Hernandez-Herrera ef al.
[31] reported that the internal temperature of the whitened trunks (south face)
was up to 15°C smaller than the internal temperature of the control trunks on
the same side. Similarly, Hellmuth et a/ [32] found that the internal temperature
of apple trunks with white vinyl paint was significantly smaller than control
trunks. The whitening of the trees reduces the big difference of the trunk inter-
nal temperature between day and night, this, in turn, may reduce the trunk
cracking [33] [34].

Other studies have reported the effect of reflective films in reducing the inter-
nal temperature of other plants. For instance, Rosati et al [35] showed that the
temperature of the leaves of almond and walnut trees decreased up to 3°C by
applying a 3% of kaolin film, with no effect on the photosynthesis rate. The ef-
fect of the reflective materials on the temperature of the plants depends on the
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Figure 4. Temperature of the air and the trunk (south face) with and without whitening observed at different dates during the
winter of the year 2020, at Arteaga, Coahuila, Mexico.
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Figure 5. Temperature of the air and the trunk (south face) with and without whitening observed at different dates during the
winter of 2020-2021, at Arteaga, Coahuila, Mexico.

weather conditions. On clear sky calm days (wind speed < 0.5 ms™) at noon, the
internal fruit temperature of the kaolin-treated plants was 4.4°C lower than the
control plants (without kaolin) while, on days with cloudy days no temperature
difference was observed [36]. The temperature of mango fruits coated with ben-
tonite was 9°C lower than the temperature of the control fruits (with no coat-
ing), and 13°C inferior when coated with kaolinite [37]. The temperature under
the epidermis of apple fruits covered with a film of calcium hydroxide at the
time of the highest incidence of solar radiation was up to 3°C smaller than the
fruits with no liming [38].

3.2. Accumulated Chill Units

The air temperature at the hours of the highest incidence of solar radiation was
smaller than the internal temperature of the branches with and without whiten-
ing (Figure 2 and Figure 3). Consequently, the ACU calculated using the air
temperature is higher than those calculated with an internal temperature of the
branches with and without whitening, which corresponded to the internal ACU
by the trees. As the temperature under the bark of the whitened branches during
the daylight was smaller than the internal temperature of the control branches
during the two winters, the ACU calculated with the internal temperature of
whitened branches were higher than those calculated with the internal tempera-
ture of the control branches (Table 2 and Table 3)

From January 7 to March 31 of 2020, the ACU calculated with the air temper-
ature and the branches with and without whitening were 1067.5, 725.25 and
567.00, respectively (Table 2). This shows that the ACU using the air tempera-

ture are higher than those calculated with the internal temperature of the branches.
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Table 2. Accumulated chill units (ACU), calculated with the air temperature, the internal
temperature of the branches with and without whitening and the ACU (max), that
represents the highest chill units accumulated in a day (24). From january 7 to march 31,
2020, at Jame, Arteaga, Coahuila, Mexico.

ACU with ACU without ACU with ACU

Month days whitening  whitening air temperature (max)
7-10 22.50 15.50 39.50 72
January 11-20 70.75 45.00 110.50 240
21-31 93.25 71.50 160.25 264
1-10 147.75 133.75 158.00 24
February 11-20 61.50 43.75 106.00 240
21-28 114.5 98.00 143.5 192
1-10 135.5 104.00 165.50 240
March 11-20 55.50 41.00 121.00 240
21-31 24.25 14.50 63.25 264

total 725.25 567.00 1067.50 1992

Table 3. Accumulated chill units (ACU), calculated with the air temperature and the in-
ternal temperature of the branches with and without whitening and the ACU (max), that
represents the highest chill units accumulated in a day (24). From december 17, 2020 to
march 10, 2021, at Jame, Arteaga, Coahuila, Mexico.

ACU with ACU without  ACU with ACU

Month days whitening whitening  air temperature (max)
December 17 -31 63.5 25.25 130.75 336
1-10 21.5 1.75 71.25 240
January 11-20 54.0 27.0 83.5 240
21-31 124 101.75 161.75 264
1-10 50.25 18.75 99.50 240
February 11-20 42.75 17.75 80.75 240
21-28 41.50 29.75 72.00 192
March 1-10 18.00 7.50 36.00 240
total 415.50 229.50 708.50 1992

During this time, the whitened branches had an additional accumulation of
158.5 CU in relation to the branches without whitewash, which corresponded to
an increment of 27.9%

From December 17, 2020 to March 10, 2021 the ACU of the whitened
branches were 415.50 and 229.50 for the control branches, this was a difference
of 186 ACU that corresponded to an increase of 81% due to the whitening of the

branches (Table 3). These results indicated that a decrease in the internal tem-
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perature of the branches by the whitening of the entire trees (Figure 2 and Fig-
ure 3), increased the accumulation of CU. A higher accumulation of CU may
improve budbreak and fruit yield [1] [2].

The climatic potential index (CPI) calculated for the winter of 2019-2020 was
0.54 (1067.50/1992) (Table 2), while for the winter of 2020-2021 was 0.36
(708.50/1992) (Table 3), indicating that the climatic conditions of 2019-2020
winter in the locality of Jame, Coahuila, Mexico, were better to accumulate chill
units for this cultivar. The entire tress whitening has more effect on warmer
winters because the lower under bark temperature of branches and trunks (due

to major solar reflectivity) reduces the loss of ACU.

3.3. Loss of Chill Units

The largest loss of CU occurred at the hours of the highest incidence of solar
radiation (12:00 to 17:00) due to higher warming of the branches (Figure 2 and
Figure 3). Therefore, the benefit of the entire tree whitening is reached at these
hours of the day. It was observed that for the winter of 2019-2020, from January
7 to March 31, for the time interval mentioned, 6 CU were gained considering
the air temperature. However, using the internal temperature of the control
branches 259.25 CU were lost, while for the internal temperature of whitened
branches only 162.75 CU were lost. This represented 37.2% of less CU lost due
to the total whitening of the trees (Table 4).

For the winter of 2020-2021, No gain of CU was observed at the time of the
highest incidence of solar radiation using the air and branches temperatures
(Table 5). 102.75 CU were lost using the air temperature, 246.25 and 344.50 CU

were lost using the internal temperature of the branches with and without

Table 4. Accumulated chill units gained or lost (negative numbers), as a function of air
temperature and the internal temperature of the branches of apple cv Golden Delicious
with and without whitening, from 12:00 to 17:00 for several day intervals of the winter
months of 2020, at Jame, Arteaga, Coahuila, Mexico.

Month days AC‘U w‘ith ACU‘ wit‘hout ‘ ACU with
whitening whitening air temperature

7-10 -15.75 -19.50 -8.25

January 11-20 =7.50 —-25.00 11.50
21-31 -27.50 —42.00 4.75

1-10 4.75 -4.50 15.50

February 11-20 -33.00 —41.00 -12.50
21-28 -3.50 -12.00 17.25

1-10 6.00 -19.50 23.50
March 11-20 -27.75 -35.25 0.75

21-31 —-58.50 —60.50 —46.25
total -162.75 -259.25 6.00
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Table 5. Accumulated chill units gained or lost (negative numbers), as a function of air
temperature and the internal temperature of the branches of apple cv Golden Delicious
with and without whitening, from 12:00 to 17:00 for several day intervals of the winter
months of 2020-2021, at Jame, Arteaga, Coahuila, Mexico.

Month days ACp w‘ith ACU‘ wit‘hout ‘ ACU with
whitening whitening air temperature
December 17 - 31 -32.75 -53.50 -0.250
1-10 —41.00 —49.75 -19.75
January 11-20 -13.50 -31.75 -0.50
21-31 -2.25 -17.75 16.75
1-10 -27.75 —47.25 -3.75
February 11-20 -36.00 —49.5 -20.25
21-28 —42.50 —44.00 —-26.50
March 1-10 -50.50 -51.00 —48.50
total —246.25 —344.50 -102.75

whitening respectively. In this winter, the entire whitening of the trees decreased
28.52% the loss of CU in relation to the control trees.

For the two winters, the whitening of the branches reduces the loss of CU in
relation to the control branches in the all-time segments analyzed. In addition,
for some time segments of the winter of 2019-2020, it was observed a small ac-
cumulation of CU when using the internal temperature of the whitened
branches. However, when using the internal temperature of the control branches
always resulted in a loss of CU. The lower ACU of the control branches may af-
fect the buds break and finally the fruit yield.

3.4.Yield and Fruit Quality

The harvest was done the first week of August of the two years (2020 and 2021).
The difference in the accumulated chill units among the treatments significantly
affected the fruit yield (kg/tree) and fruits per tree. In the fall-winter season of
2019-2020, the trees that were entirely whitened accumulated 158.25 CU more
than the no whitened trees (Table 2). For this season, the highest average fruit
yield and fruits per tree (Table 6) were obtained when the trees were whitened at
the end of the fall season (Treatment 2) and were statistically higher (Tukey, a <
0.05) than the fruit yield obtained by the trees of the control treatment (no whi-
tening nor application of TDZ) and the application of TDZ as budbreak promo-
ter before spring (Treatment 3). The difference was around 10 kg/tree, corres-
ponding to an increment of 23%. For the number of fruits per tree, the differ-
ence was, on average, 116.75 fruits (26.15% higher). No increase in yield
(kg/tree) and fruits per tree were observed between treatments two and four; this
indicates that applying TDZ is not required before spring if the trees are entirely

whitened at the end of the previous fall.
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Table 6. Average fruit yield (kg/tree), fruits per tree and parameters of fruit quality cv Golden Delicious,
observed on the harvest of 2020 and 2021, at Jame, Arteaga, Coahuila, Mexico.

First S d
Yield Fruits Firmness Total soluble s econ

Year Treatment quality quality

2020

2021

2 . L
(kg/tree) per tree (kg/cm?)  solids (Barix) index fruit index fruit

42.12° 330.5° 7.75 14.57° 0.482° 0.189°
T2 52.85° 446.5° 7.40° 14.20* 0.513° 0.181°
T3 42.84° 329.0° 7.50% 14.55° 0.449* 0.253%
T4 47.48® 390.5% 7.40° 14.72° 0.569° 0.196*

43.84° 361.8° 7.21% 14.40° 0.2279* 0.2588*
T2 55.05° 451.25° 7.31° 14.54% 0.4026* 0.2773
T3 43.43° 354.5° 7.13° 15.08° 0.3308° 0.2736°
T4 51.16® 411.3%® 7.14* 14.90% 0.3259° 0.3443°

T1: (control) No whitening neither application of budbreak promoter; T2: entire trees whitening at the

end of fall; T3: application of TDZ as budbreak promoter before spring; T4: entire tress whitening at the

end of fall and application of TDZ before spring. Means with the same letter inside the columns are sta-
tistically equal (Tukey, a < 0.05).

In the fall-winter season 2020-2021, the whitened trees accumulated 186 more
additional chill units than the control trees (Table 3), which also impacted the
fruit yield. The average fruit yield (kg/tree) and the number of fruits per tree of
the whitened trees (T2) was also statistically superior to treatment one (control)
and treatment 3 (application of TDZ as budbreak promoter before spring)
(Table 6) (Tukey, a < 0.05). The difference was above 11 kg/tree and 93 fruits
per tree. which corresponded to an average increment of 26% and 20.6% respec-
tively. Similarly, as the previous year, no increase in the yield (kg/tree) and
number of fruits per tree was observed between Treatments 2 and 4, confirming
that no need for the application of the TDZ before spring, if the trees are entirely
whitened at the end of the previous fall. Hernandez-Herrera et al [31] also
found that the fruit yield under the entire whitening of apple trees is higher than
the fruit yield of trees without whitening. Other studies on apple trees have
shown that the use of reflective films such as kaolin can increase the fruit yield
and improve the reddish of the fruits [27] [39].

Fruit firmness, total soluble solids, and index of the fruit of first and second
were not affected by the treatments evaluated in the two years of the study.
Only in the year 2021, the total soluble solids of treatment 3 (application of
TDZ before spring) were statistically higher than the one observed in the con-
trol treatment (T1). Studies performed on orchards of apples by Glenn et al
[39], using kaolin as a reflective film reported no effect on total soluble solids
and fruit firmness. These results suggest the main effect of the complete whi-
tewashing of the trees is on the fruit yield and has no effect on the parameters

of fruit quality.
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4. Conclusions

The total whitening of apple trees reduced the internal temperature of the branches
and trunks. The decrease in temperatures was bigger at the hours of the highest
incidence of solar radiation (12:00 to 17:00) and on the south face of the trunks.

The accumulated chill units calculated with the temperature under the bark
were higher in the whitened branches than in the branches without whitening
and the loss of chill units at the time of the highest incidence of solar radiation
was smaller on the whitened branches.

In the two fall-winter seasons, the fruit yield (kg/tree) and the total number of
fruits per tree of the whitened trees were higher than those observed in the con-
trol trees (No whitening or application of TDZ) and of the trees with the appli-
cation of TDZ before spring. Applying TDZ before spring when the trees were
previously whitened at the end of fall did not increase the fruit yield. The whi-
tening of the apple trees had no effect on the quality of the fruits.
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