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Fruit Size and Maintain Fruit Quality of ‘Castlebrite’ Apricot

K. Mesa, G. Reginato, L. Contador and R. Infante
(Department of Plant Sciences, University of Chile, Santiago, Chile)
E

Summary

Several orchard management practices and postharvest
strategies have been adopted to increase productivity
and maintain fruit quality. Growth regulator sprays
have been widely used to improve the size of stone
fruits. The aim of this study was to evaluate the effect
of sprays of different combinations of prohexadione-
calcium (P-Ca) and naphthalene acetic acid (NAA) on
‘Castlebrite’ apricot trees, particularly on tree yield and
maintain fruit quality after a cold storage period. The
treatments were: T0 = control; T1 = P-Ca spray with
10 cm-long shoots, spray with P-Ca 10 d after, and spray
with P-Ca 20 d after; T2 = NAA spray with 10 cm-long

shoots, spray with P-Ca and NAA 10 d after; T3 = NAA
spray with 10 cm-long shoots; T4 = NAA spray with
10 cm-long shoots, spray with NAA 10 d later. The har-
vested fruit was stored in cold storage chamber for 0,
20 and 40 d, and then evaluated the quality attributes.

Fruit quality was evaluated instrumentally and by
sensory analysis conducted by a trained panel and a
consumer test. Sprays that combine P-Ca and NAA
induced a significant increase in mean fruit mass and
yield compared to the control. Negligible differences
were observed in the acceptability and sensory quality
of the fruit.

Key words. growth regulator – NAA – photosynthetically active radiation – postharvest – Prunus armeniaca L.
Introduction

In apricots, fruit size is one of the most important quality
attributes, and is what mainly determines the price. In
order to be more competitive in the market, the fresh
fruit industry is continuously adopting newer or improved
orchard management practices and postharvest techniques
that increase productivity and fruit quality, including the
use of growth regulators. Hand-thinning is an expensive
orchard practice, but it is widely used to increase final fruit
size due to the close relationship between crop load and
fruit size. Chemical thinning utilizing plant growth regu-
lators (PGRs) is faster and less expensive but has shown
inconclusive results with irreproducible effects on fruit size
(LURIE 2010). There are reports showing that PGRs sprays
affect vegetative growth (MEDJDOUB et al. 2004) and sen-
sory quality (MATTHEIS and FELLMAN 1999; SAMS 1999). In
‘Jonathan’ apples, ethephon-treated fruit showed higher
sensory scores for flavor and acceptability, whereas the
same treatments did not show any effect on ‘Delicious’
fruit (MCBRIDE and FARAGHER 1978).

Spraying PGRs to improve the size of stone fruit has
been previously reported; generally, the PGRs have been
applied during stage II of fruit growth (STERN et al. 2007a).
Auxins have been related to cell elongation, and their
translocation stimulates the transport of minerals and
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photosynthates into the fruit, increasing sink strength,
possibly by promoting the development of vascular con-
nections (BANGERTH 1989). In fact, auxins have success-
fully improved fruit size in plums, cherries and apricots
(STERN et al. 2007a, b, c) since their application triggers an
increase in fruit cell size without affecting fruit quality,
the postharvest life of the fruit and bloom intensity for the
following season (MEDJDOUB et al. 2004; STERN et al.
2007a, b).

Gibberellins (GAs) are involved in seed germination
control, shoot elongation, tuber formation, flowering, and
fruit set and growth in various species (OLSZEWSKI et al.
2002). The inhibition of GA action by means of PGRs
such as paclobutrazol and prohexadione-calcium (P-Ca)
causes a reduction in shoot elongation (ASÍN et al. 2007),
reducing the excessive vegetative growth, and redirecting
more photosynthates into fruits, thus increasing fruit mass.
P-Ca is an inhibitor of GA synthesis with low toxicity and
persistence (MEINTJES et al. 2005; SMIT et al. 2005), which
reduces the levels of GA1 (the highly active form) and
increases GA20 (inactive form). Furthermore, P-Ca is con-
sidered a safe compound because it is rapidly degraded
being metabolized in few weeks (EVANS et al. 1999). P-Ca
has been widely used in fruit trees, such as pears (SUGAR et
al. 2004; ASÍN et al. 2007) and apples (COSTA et al. 2004a,
2004b; MEDJDOUB et al. 2004; MEINTJES et al. 2005; BASAK
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and KRZEWIÑÑSKA 2006), but there are no scientific evi-
dence regarding its use on apricot orchards.

The aim of this study was to evaluate the effect of field
sprays of P-Ca and NAA on the tree yield and fruit quality
of cold stored ‘Castlebrite’ apricots.

Material and Methods

Fruit material and experimental design

The study was conducted in a commercial orchard located
on Buin County, Metropolitan Region, Chile (33.76° S;
70.79° W), on twelve-year old ‘Castlebrite’ apricot trees
planted at 4 × 2.5 m and trained as Ypsilon. Fruit were
hand-thinned at the beginning of pit hardening, leaving
a range of crop load. Crop load ranged from 0.4 to
1.8 fruit cm–2 TCSA. Because of this high variability, and
for a correct interpretation of the effect of the treatment,
the yield and yield efficiency were adjusted by the crop
load according to STOVER et al. (2001), where a regression
equation relates the fruit size or the yield efficiency to the
crop load.

Five trees per treatment were sprayed with different
combinations of P-Ca (Regalis®; 10 % a.i.) (Aktiengesell-
schaft, Ludwigshafen, Germany) at 300 g hL–1, and NAA
(NAA-800®; 20.2 % a.i.) (AMVAC Chemical Corp., Los
Angeles, USA) at 7.1 mL hL–1. All treatment solutions were
supplemented with the adjuvant Break Thru® (Goldschmidt
Chemical Corporation, USA) at 10 mL hL–1 and sprayed
with a volume equivalent to 1,000 L ha–1.

The treatments consisted in liquid sprays plus the
adjuvant Break Thru® with different combinations of PGRs:
T0 = control, without the application of PGRs; T1 = con-
sisted in the applied of P-Ca in three occasions, separated
by a period of 10 d; T2 = correspond to three applica-
tions; the first two combine both PGRs, the following only
P-Ca, all applications also separated by a period of 10 d;
T3 = consisted only in the applied of NAA, and finally;
T4 = correspond to two application of NAA separated by
a 10-day span. The applications were made when the
trees showed long shoots of 10 cm, this corresponded to
15 d after beginning of pit hardening.

Postharvest evaluations and sensorial analyses were
conducted at the Fruit Quality Laboratory of the Univer-
sity of Chile, in Santiago.

Yield efficiency evaluation

In order to express fruit yield efficiency according to tree
size, the trunk cross-sectional area (TCSA) was measured
at 20 cm above the soil level of each tree during early
spring, and photosynthetically active radiation (PAR) inter-
cepted by the trees was also evaluated. PAR was deter-
mined at harvest using a line quantum probe with 80 sen-
sors 1 cm apart (Accupar LP-80, Decagon Devices, USA).
Measurements were conducted three times per day: at
solar noon, and 2 and 4 h before or after solar noon.
Because rows were N-S oriented, radiation interception
was assumed to be symmetrical in the morning and after-
noon. Incident PAR (PAR0) was measured every twenty
min outside the orchard and related to PAR not intercepted
(PARni) obtained at ground level from five transects (middle
row to middle row) per tree, 50 cm apart, one passing by
the trunk. PAR interception (PARf) was calculated as 1–
PARni/PARo.

At harvest, the average fruit mass and the crop load
were determined. Crop load was calculated by normaliz-
ing the number of fruit per tree in relation to the tree size
either as fruits cm–2 TCSA, or fruits PARf –1. The yield effi-
ciency was calculated normalizing yield by the TCSA, or
the PARf, using them as the denominator.

Fruit quality

The fruit were picked 85 d after full bloom, when the
ground skin color changed from yellowish green to yel-
low. Afterwards, 40 fruits per treatment were randomly
selected and transferred to a cold storage chamber (0 °C
and 90 % RH) for 20 and 40 d. After each period fruit was
transferred to a ripening chamber (20 ± 2 °C) for a period
that ranged from 2 to 4 d until flesh reached compression
strength of 60 ± 15 Durofel units, in order to standardize
the ripeness level of the sample. Durofel is a nondestruc-
tive dynamometer (Agrotechnologies, Tarascon, France)
that provides a measure of the strength used to press a
spring-loaded pawl against the fruit surface (AUBERT and
CHANFORAN 2007). The readings of the Durofel have not
units, but rather they are a relative scale ranging from 0
to 100 (RUIZ-ALTISET et al. 2006; ARAZURI et al. 2007).

The fruit was characterized by ground skin color, flesh
firmness, soluble solids content (SSC), titratable acidity
(TA), and juice content. The ground skin color was deter-
mined by means of a CR-400 colorimeter (Minolta, Tokyo,
Japan). The flesh firmness was measured with the FTA
GS-14 texture analyzer (Guss, Strand, South Africa),
equipped with a 7.9 mm plunger, traditionally used on
stone fruit, after removing the skin with a sharp knife. The
SSC was evaluated using a thermo-compensated PAL-1
refractometer (Atago, Tokyo, Japan). The juice content
was measured according to INFANTE et al. (2009). The TA
was assessed in 10 mL juice, from a sample composed of
4 fruits, by titration with NaOH 0.1 N, adjusting to pH 8.2.

Sensory analysis

A sensory analysis was carried out in individual booths
by a trained panel of twelve adults. A 12-hour training
period of the panel for fresh fruit evaluation was carried
out during the same harvest season. Six sessions were
held to discuss and standardize the criteria and define the
quality parameters. Apricot fruits were evaluated on a
white pottery dish by presenting a slice with its skin, pre-
pared less than 5 min before testing to ensure softness
Europ.J.Hort.Sci. 3/2012
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and to avoid flesh browning. Each sample was identified
with a 3-digit numerical code. The sensorial attributes eval-
uated were: ‘appearance’, ‘aroma’, ‘sweetness’, ‘acidity’,
‘juiciness’, ‘flesh texture’ and ‘flavour’. The evaluation guide-
lines included a continuous scale for each attribute, rang-
ing from 0 to 15, marked with two anchors (0 = lowest
level, and 15 = highest level for that specific attribute).

A consumer test (n = 40) to determine fruit accepta-
bility was performed using the following hedonic scale:
‘Like extremely’ (= 9); ‘like very much’ (= 8); ‘like moder-
ately’ (= 7); ‘like slightly’ (= 6); ‘neither like nor dislike’
(= 5); ‘dislike slightly’ (= 4); ‘dislike moderately’ (= 3);
‘dislike very much’ (= 2); and ‘dislike extremely’ (= 1).

Statistical analysis

Tree yield and fruit mass were analyzed using a completely
randomized design with 5 single-tree replicates for each
treatment. An analysis of covariance (ANCOVA) was per-
formed by using the crop load expressed as fruits per
TCSA or fruits per fraction of intercepted radiation, as
covariates (REGINATO et al. 2007). Means were separated
using Fisher’s LSD test (p < 0.05).

On postharvest evaluations, an independent analysis
of variance (ANOVA) was conducted for each period of
cold storage.

For fruit ripeness characterization at harvest time, the
hue component of the ground colour was used as covariate.
Five replicates composed of three fruits each were used in
this case. For those evaluations performed after cold storage
plus a ripening period, flesh firmness was used as a covari-
ate, and five replicates of four fruits each were used for each
storage period. Means were separated with Student-Neu-
man-Keuls (SNK) multiple rank test (P ≤ 5 %).

Sensorial analysis was performed using ANOVA and
means separated by SNK multiple rank test (P ≤ 5 %).
One fruit was considered to be the experimental unit for
the sensory evaluations and 12 replicates were used.
Europ.J.Hort.Sci. 3/2012

Table 1. Average fruit mass (± SE, n = 350) and fraction of PAR 
with P-Ca and NAA.

Treatment Average fruit mass
(g)

Fruit mas
% of cont

T0 61.2 ± 6.4 bz 100.0

T1 74.0 ± 8.1 a 120.9

T2 77.9 ± 7.3 a 127.2

T3 72.0 ± 7.1 a 117.6

T4 74.9 ± 5.8 a 122.3

z Different letters in the same column indicate statistical differen
SE: standard error. T0: control; T1: P-Ca (three applications); T2: P
applications NAA); T3: NAA (only one application); T4: NAA (two a
All the statistical analyses were performed using the
software InfoStat 2005 p.1 (InfoStat, Córdoba, Argentina).

Results and Discussion

Fruit size and yield efficiency

PAR interception was greatly reduced by T2 (P-Ca plus
NAA sprays), showing statistically significant differences
respect to the treatment control, while treatments that had
only P-Ca or NAA application (T1, T3, and T4) did not
differ from T0 (Table 1). The reduction of the vegetative
growth of P-Ca was also observed in pears (ASÍN et al.
2007) and in apple trees (MEDJDOUB et al. 2004; BASAK

and KRZEWIÑÑSKA 2006), with the effect varying according
to the concentration of the PGRs and the spray date.
Therefore, the reduced competition established between
shoot growth and fruit mass increase, induced by the
P-Ca spray, probably interacted with the cell elongation
produced by NAA, described for stone fruit (STERN et al.
2007b). In this experiment a control of the vegetative
growth and a severe stunting on treated trees was observed.
For this reason, the photosynthesis efficiency probably
increased significantly, and the yield efficiency was there-
fore significantly higher in all the treatments compared
to the treatment control (T0) (Table 2). The treatment
where both PGRs were applied (T2) (0.083 kg cm–2 TCSA;
43.8 kg·PARf–1) showed the highest yield efficiency com-
pared to the T0 (0.063 kg cm–2 TCSA; 34.1 kg·PARf–1),
while treatments T1, T3 and T4 also showed significantly
higher yield efficiency than the control when the result
was expressed as kg cm–2 TCSA. By contrast, BASAK and
KRZEWIÑÑSKA (2006) reported no differences in the yield
of apple trees when combined P-Ca and NAA, or when
P-Ca alone was applied. According to these authors, the
P-Ca treatment could cause significant increase in fruit
size and yield only under certain circumstances.
interception (± SE, n = 5) of ‘Castlebrite’ apricots trees treated

s as 
rol

PAR interception
(%)

PAR interception as 
% of control

0.64 ± 0.02 ab 100.0

0.56 ± 0.03 b 87.5

0.46 ± 0.03 c 71.9

0.72 ± 0.02 a 112.5

0.67 ± 0.02 a 104.6

ces. SNK test (P < 0.05).
-Ca + NAA (three applications of P-Ca on combination with two

pplications).
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An explanation for the yield efficiency increase might
lie in the fact that in the apricot, which is a species where
fruit grows and ripens simultaneously with shoot elonga-
tion during early summer; there is an established compe-
tition for water, nutrients and photosynthesis products.
In the treated trees, the inhibition of shoot elongation
produces a lower demand for water, nutrients, and photo-
synthesis products; and so these supplies are redirected
in a higher proportion to fruits, provoking an increase in
fruit size (BASAK and KRZEWIÑÑSKA 2006).

In line with the yield efficiency increase, all the treat-
ments induced a significant increase of fruit mass com-
pared to the control, with the highest increase (27.2 % more
than T0) being in the combination of P-Ca and NAA (T2)
(Table 1). BASAK and KRZEWIÑÑSKA (2006) showed similar
beneficial effects on apples cv. Lobo grafted on M26 root-
stock, either by spraying each single PGRs or in combina-
tion. This could be explained by the evident reduction in
vegetative growth induced by the effect of PGRs: inhibit-
ing the biosynthesis of growth-active GAs (EVANS et al.
1999) might permit the redistribution of photosynthates
within the tree, favouring fruit growth, although P-Ca
sprays have not always increased fruit size in pears (SUGAR

et al. 2004; MEINTJES et al. 2005; ASÍN et al. 2007) and
apples (COSTA et al. 2004b).

With respect to the NAA action, STERN et al. (2007c)
reported an increase in the fruit size of ‘Canino’ apricot
treated with NAA plus 2,4-D at different doses, reaching
up to a 50 % size increase of the parenchymal cells. This
effect was explained by the application being made at
the beginning of stage III, after the pit hardening phase

Table 2. Yield efficiency, expressed as kg cm–2 TCSA and
kg PARf

–1 (± SE, n = 5), of ‘Castlebrite’ apricot trees treated
with different combinations of P-Ca and NAA.

Treatment Yield efficiency

kg cm–2 TCSA kg PARf–1

T0 0.063 ± 0.02 c 34.1 ± 13.8 c

T1 0.075 ± 0.01 ab 39.1 ± 2.8 bc

T2 0.083 ± 0.02 a 43.8 ± 20.4 b

T3 0.074 ± 0.02 b 37.0 ± 10.7 bc

T4 0.080 ± 0.02 ab 38.8 ± 10.3 bc

z Different letters in the same column indicate statistical differ-
ences. SNK test (P < 0.05).
TCSA: trunk cross-sectional area; PARf: fraction of photosyn-
thetically active radiation interception
T0: control; T1: P-Ca (three applications); T2: P-Ca + NAA (three
applications of P-Ca on combination with two applications
NAA); T3: NAA (only one application); T4: NAA (two applica-
tions).
(stage II), where naturally the lowest concentration of
indole-3-acetic acid occurred; therefore, an exogenous
supply of a synthetic auxin at the appropriate time was
considered to have the potential to increase sink-strength
and to accelerate fruit growth rate.

It is important to emphasize that in this experiment
the effect of the fruit load and the tree size was isolated
by using the covariate of the crop load and the homoge-
nization of the trunk diameter. In other studies these fun-
damental aspects, which effectively influence the yield
and fruit size, were not considered (SUGAR et al. 2004;
ASÍN et al. 2007; STERN et al. 2007b, c) although they are
closely related to tree size; therefore, those results could
be affected by an irregular tree size in an unknown way.
Thus, to determine the direct effect of different manage-
ment practices it is necessary to analyze tree performance
considering the relationships between tree size, fruit num-
ber tree–1, fruit size, yield, and yield efficiency (REGINATO

et al. 2007).

Fruit quality during postharvest

In general, the SSC and the TA showed a decrease during
the postharvest phase, particularly after 40 d of cold storage.
During the postharvest, the organic acids are the easiest
substrate to use in respiration, so their decline is expected
during this phase (WU et al. 2005; AUBERT and CHANFORAN

2007). Concerning the TA, fruit from the control showed
the lowest TA at 0 and 40 d of cold storage period, whereas
after 20 d no differences were observed among treat-
ments (Table 3). The SSC did not show any significant dif-
ferences among the treatments throughout postharvest,
except after 20 d of cold storage period when the SSC of the
control was significantly higher than those from other treat-
ments. As the TA decreased, the SSC/TA ratio increased
throughout the cold storage period for all the treatments.

The juice content did not show any differences among
treatments, reaching maximum values around 40 %, con-
sidered rather high for apricots (INFANTE et al. 2009). As
expected and as has been described in previous studies
(CARDARELLI et al. 2002; MENNITI et al. 2004), the flesh
firmness decreased during postharvest, and in this case
no effect of the treatments on the softening rate was
observed (Table 3). Therefore, there was no significant
effect of sprays of P-Ca and NAA on apricot fruit quality.

Sensory analysis

On fruit not subjected to cold storage, the sensorial attri-
butes ‘acidity’ and ‘sweetness’ showed differences among
treatments. Treatment T2 showed the highest ‘acidity’
and the lowest ‘sweetness’, but the TA and the SSC were
similar in all treatments. These two attributes, however,
did not show any significant differences between T0 and
treatments enriched with PGRs.

The attributes ‘appearance’, ‘aroma’, and ‘juiciness’
were not affected by the spray with P-Ca and NAA
Europ.J.Hort.Sci. 3/2012
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(Table 4). After a period of 20 and 40 d of cold storage,
‘texture’ and ‘taste’ showed significant differences among
treatments (Table 4). However, these differences were
not consistent throughout the cold storage period and
cannot be attributed to an effect of the sprays with PGRs,
as the strong effect of cold storage itself has been described
for stone fruit quality (INFANTE et al. 2008a, b). Although
some preharvest factors, including PGRs sprays, have been
found to influence the flavour (MATTHEIS and FELLMAN

1999), and texture (SAMS 1999) of fresh fruit and vege-
tables, in this study sprays with P-Ca and NAA did not affect
the sensorial attributes of apricot fruits. These results are
consistent with those obtained by FORLANI et al. (2010),
where the exogenous application of synthetic auxin (3, 4,
5-TPA) in two apricot cultivars did not significantly affect
fruit quality.

Acceptability was not influenced by sprays with P-Ca
and NAA, and a mean value around 7 (‘I like it moderately’)
was found for all the treatments (Fig. 1).

In conclusion, the sprays enriched with P-Ca and NAA
on apricot trees triggers a considerable increase in fruit
mass, yield and yield efficiency. This effect was not related
to alterations in fruit quality at harvest or during posthar-
vest and did not affect the sensorial perception or the
acceptability of the fruit.

Table 3. Quality attributes of ‘Castlebrite’ apricots after a ripe
or 40 d (0 °C), from trees treated with different combination

Storage
(d)

Treatment Firmness
(N)

SSC
(%)

0 T0 18.4 az 11.3 a

T1 14.0 a 11.6 a

T2 18.9 a 11.7 a

T3 14.0 a 11.1 a

T4 16.5 a 10.9 a

20 T0 19.7 a 11.4 a

T1 10.8 bc 9.8 b

T2 13.7 b 10.3 b

T3 7.5 c 10.5 ab

T4 9.2 c 10.6 ab

40 T0 6.3 ab 10.1 b

T1 6.3 ab 11.4 a

T2 5.8 ab 10.9 ab

T3 8.5 a 10.5 ab

T4 3.8 b 10.9 ab

z Different letters in the same column indicate statistical differen
solids content; TA titratable acidity.
T0: control; T1: P-Ca (three applications); T2: P-Ca + NAA (three ap
T3: NAA (only one application); T4: NAA (two applications).
Europ.J.Hort.Sci. 3/2012
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Table 4. Sensorial attributes of ‘Castlebrite’ apricots, evaluated by a trained panel, after a ripening period (20 °C), at
harvest or after cold storage for 20 or 40 d (0 °C), from trees treated with different combinations of P-Ca and NAA.

Storage
(d)

Treatment Appearance Aroma Sweetness Acidity Juiciness Texture Taste

0 T0 11.2 az 6.5 a 4.9 ab 8.4 abc 6.8 a 8.4 a 5.4 a

T1 9.6 a 7.5 a 8.5 a 5.6 c 8.5 a 5.2 a 7.9 a

T2 9.1 a 6.7 a 3.8 b 11.5 a 5.5 a 8.3 a 4.4 a

T3 10.7 a 5.4 a 8.3 a 7.2 bc 8.2 a 7.1 a 7.0 a

T4 11.4 a 8.7 a 5.5 ab 9.9 ab 6.7 a 8.8 a 6.7 a

20 T0 7.9 a 7.7 a 6.3 abc 9.5 ab 7.0 a 6.4 ab 8.5 a

T1 9.4 a 7.9 a 4.3 bc 9.3 ab 6.3 a 6.5 ab 5.6 ab

T2 7.3 a 6.7 a 3.8 c 10.9 a 7.2 a 9.8 a 4.8 b

T3 9.1 a 7.8 a 7.3 ab 7.3 bc 7.3 a 6.0 ab 7.3 ab

T4 10.4 a 8.5 a 7.8 a 6.1 c 6.9 a 4.6 b 6.7 ab

40 T0 7.9 a 6.5 a 5.0 a 5.6 ab 4.6 a 4.8 ab 5.5 a

T1 8.8 a 8.1 a 5.6 a 5.2 ab 4.2 a 2.9 b 5.3 a

T2 6.6 a 10.1 a 4.2 a 5.9 ab 4.6 a 2.2 b 5.0 a

T3 8.3 a 6.1 a 5.7 a 7.3 a 5.7 a 6.2 a 6.6 a

T4 8.3 a 8.7 a 7.7 a 3.5 b 4.1 a 1.9 b 6.7 a

z Different letters in the same column indicate statistical differences for the same cold storage period. SNK test (P < 0.05).
The evaluation guidelines included a continuous scale for each attribute, ranging from 0 to 15, marked with two anchors 
(0 = lowest level, and 15 = highest level for that specific attribute).
T0: control; T1: P-Ca (three applications); T2: P-Ca + NAA (three applications of P-Ca on combination with two applications NAA);
T3: NAA (only one application); T4: NAA (two applications).

Fig. 1. Percentage of consumers for each of nine acceptability categories on the hedonic scale evaluated during the
acceptability test performed on apricots treated with different combinations of P-Ca and NAA (n = 40). Hedonic scale: ‘Like
extremely’ (= 9); ‘like very much’ (= 8); ‘like moderately’ (= 7); ‘like slightly’ (= 6); ‘neither like nor dislike’ (= 5); ‘dislike
slightly’ (= 4); ‘dislike moderately’ (= 3); ‘dislike very much’ (= 2); and ‘dislike extremely’ (= 1). T0: control; T1: P-Ca (three
applications); T2: P-Ca + NAA (three applications of P-Ca on combination with two applications NAA); T3: NAA (only one
application); T4: NAA (two applications).
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