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Growth and quality of ‘Gulfblaze’ plums subjected to fertiga-
tion

Abstract: This work aimed to evaluate the effect of ap-
plying different doses of fertilizers through fertigation on the 
production, fruit quality, and nutritional status of the plum tree’ 
Gulfblaze’. The experiment was conducted in Antônio Prado, 
RS, during the 2019/2020 harvest in a ‘Gulfblaze’ plum orchard 
established in 2014, with a density of 800 plants per hectare. 
The treatments applied were T1: Irrigation only, without fer-
tilizer application; T2: Fertigation with 50 % of the dose rec-
ommended by CQFS-RS/SC; T3: Fertigation with 100 % of the 
recommendation; T4: Fertigation with 150 % of the recommen-
dation, and T5: Fertigation at 200 % of the recommendation. 
A randomized block experimental design was used, with five 
treatments and three replications, with each plot consisting of 
26 plants, and of these, five were used for evaluations. The di-
ameter, length, and average mass of fruits increased as the fer-
tigation doses increased. The firmness of the fruit pulp, as well 
as the leaf area of the plant, performed better at doses of 150 % 
and 200 % of the recommended amount. The highest and low-
est fertigation doses promoted a higher soluble solids content 
and SS/AT ratio, indicating an improvement in the qualitative 
parameters of the plums.

Key words: fruticulture, nutrition, plant growth, Prunus 
salicina, soluble solids

Rast in kakovost sliv ‘Gulfblaze’ obravnavanih s fertigacijo

Izvleček: Namen raziskave je bil ovrednotiti učinke 
različnih odmerkov gnojil pri fertigaciji na obrod, kako-
vost plodov in stanje prehranjenost sliv ‘Gulfblaze’. Poskus 
je potekal v Antônio Prado, RS, v rastni sezoni in obiranju 
2019/2020 v nasadu sliv ‘Gulfblaze’, ki je bil osnovan 2014, z 
gostoto 800 dreves na hektar. Obravnavanja so bila sledeča: 
T1- samo namakanje, brez dodatka gnojil; T2 –fertigacija s 
50 % odmerkom, kot jih priporoča CQFS-RS/SC; T3- fer-
tigacija s 100 % odmerkom, kot je priporočeno; T4- fertiga-
tion s 150 % odmerkom priporočenega in T5- fertigation z 
200 % odmerkom priporočenega. Uporabljen je bil naključni 
bločni poskus s petimi obravnavanji in tremi ponovitvami, 
kjer je vsak blok sestavljalo 26 dreves, od katerih je bilo pet 
uporabljenih za ovrednotenja. Premer, dolžina in poprečna 
masa plodov so naraščali z naraščanjem odmerka gnojil v 
fertigaciji. Čvrstost pulpe plodov in listna površina dreves sta 
bili boljši pri odmerkih 150 % in 200 % priporočene količine. 
Največji in najmanjši odmerki v fertigaciji so povečali vseb-
nost topnih snovi v plodovih kot tudi razmerje SS/AT, kar 
kaže na izboljšanje kakovostnih parametrov sliv. 

Ključne besede: sadjarstvo, prehrana in rast rastlin, 
Prunus salicina, topne snovi
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1	 INTRODUCTION

The plum tree is a plant that is part of the botanical 
family Rosaceae and the genus Prunus. Commercially, 
two species of this plant stand out: Prunus salicina Lindl., 
known as the Japanese plum, and Prunus domestica L., 
known as the European plum. However, the Japanese va-
riety is more common in Brazil due to its adaptability to 
milder climates (Dalbó et al., 2021), while the European 
hexaploid variety (2n = 48) requires colder climatic con-
ditions to thrive (Mayer et al., 2019; Castro et al., 2008).

In Brazil, it is not known precisely when this crop 
was introduced (Eidam et al., 2012), but it has been 
gaining prominence in recent years due to consumers’ 
good acceptance of the fresh fruit (Castro et al., 2008). 
Data from IBGE (2017) show that the country produced 
45,614 t of plums in an area of 3,837 ha. Of this produc-
tion, 76.6 % is concentrated in the South region. The 
State of Rio Grande do Sul is the largest national produc-
er, with 21,097 t produced in an area of 1,623 ha. In the 
state, the municipality of Caxias do Sul is the leading pro-
ducer, responsible for 7,949 t, followed by Antônio Prado 
and Ipê, which produce 3,143 t and 1,326 t, respectively.

Among the most important cultivars is ‘Gulfblaze’, 
an early maturing cultivar, generally beginning to mature 
in mid-November. The plants require cross-pollination 
and are semi-vigorous, with an open growth habit and 
low winter cold requirements. The fruits are round and 
medium in size, around 49 mm in diameter, with an av-
erage mass of 50–65 g. The pulp is yellow, and the skin 
is red, with a sweet-acid flavor but with acidity and bit-
terness in the skin (Dalbó et al., 2021; Simonetto et al., 
2007).

Farmers have adopted new technologies in their 
cultivation to meet consumer market demand and im-
prove fruit production and quality. These innovations 
have proven especially relevant to mitigate the challeng-
es arising from climate fluctuations observed in recent 
years (Junges et al., 2020). In Rio Grande do Sul, a state 
known for its high levels of rainfall, it is typical for peri-
ods of drought to occur due to the irregular distribution 
of rainfall, especially in crucial phases of the cultivation 
cycle, such as the growth until complete maturation of 
the fruits, harming fruit quality (Nachtigall & Hawer-
roth, 2023).

Water scarcity during fruit growing can affect fruit 
size, bud formation for the following year, and nutrient 
absorption (Nachtigall et al., 2012). Therefore, when the 
amount of water from rainfall is insufficient relative to 
potential evapotranspiration, it becomes essential to re-
sort to irrigation to provide the water necessary for the 
crop cycle (Vélez, 2012). This practice ensures adequate 
availability of moisture, which is essential for plant devel-

opment and fruit quality (Cechinel et al., 2022; Testezlaf, 
2017).

Aiming to optimize the use of this system, many 
producers have adopted the fertigation technique, which 
consists of applying fertilizers with irrigation water (Pra-
manick et al., 2022; Septar & Stoli, 2019). This technique 
improves cultivation efficiency and contributes to the 
preservation of the environment, promoting sustainabil-
ity in agriculture. Furthermore, fertigation represents a 
relevant alternative to dealing with the labor shortage in 
the field (Nachtigall, 2016; Soto & Parra et al., 2016).

Coelho et al. (2011) emphasize that localized irriga-
tion, frequently used in fruit growing, restricts the root 
system of plants to the area wetted by the emitter. There-
fore, it is necessary to provide nutrients to maintain pro-
duction regularly. In this sense, fertigation stands out, as 
it allows the application of fertilizers to be divided into 
parts and more effective distribution in the area with a 
greater concentration of roots, reducing losses compared 
to the conventional system.

Furthermore, according to Silva et al. (2016), in 
the States of Rio Grande do Sul and Santa Catarina, the 
determination of nitrogen, phosphorus, and potassium 
doses is based on the levels present in the leaves and the 
expected productivity. However, Brunetto et al. (2011) 
highlight some drawbacks, such as not considering the 
increase in planting density and the nutritional require-
ments of the plants, the effects on the chemical and phys-
ical characteristics of the fruits, and the recommendation 
of fixed doses for productivity ranges when considering 
specific aspects of the location, like previous cultures. 
According to Mayer et al. (2019), the trend in contem-
porary fruit growing is to increase planting density in 
orchards, significantly increasing productivity. However, 
it is important to highlight that few studies in the specific 
literature are dedicated to adapting fertilizer levels, espe-
cially in high-density orchards. These factors can reduce 
the efficiency of applied fertilizers and exceed the plant’s 
nutritional needs, which can increase production costs 
and cause future problems in the orchard.

Agricultural practices that combine irrigation and 
nutrition offer significant potential to increase produc-
tivity and quality, making production viable even in areas 
with low soil fertility and limited water availability. How-
ever, despite its evident benefits, its use is restricted due 
to inadequate technical training. Furthermore, farmers 
frequently have doubts regarding the economic return 
on this investment (Nachtigall, 2016).

In this context, the objective was to evaluate the ef-
fect of applying different doses of fertilizers, using ferti-
gation, on fruit quality and nutritional status of the plum 
tree cultivar ‘Gulfblaze’ located in the Serra Gaúcha re-
gion, Southern Brazil.
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2	 MATERIAL AND METHODS

The experiment was conducted from July to No-
vember 2019 in a commercial orchard located in the mu-
nicipality of Antônio Prado, in the ecoclimatic region of 
the Serra do Nordeste of Rio Grande do Sul, Southern 
Brazil (geographical coordinates are 28º50’ S and 51º24’ 
W, with an altitude of 673 m). The climate of this region 
is characterized as subtropical of the Cfb type, with mild 
summers, cold winters, and uniform rainfall throughout 
the year. The average annual rainfall is 1,700 mm, and the 
average temperature is 16.6 °C (Wrege et al., 2012).

The plum cultivar used was ‘Gulfblaze’, also known 
as Fla, in a five-year-old orchard on Okinawa rootstock. 
The plants were spaced 5.0 m between rows and 2.5 m 
between plants, with a planting density of 800 plants 
per hectare, cultivated in a cup system. The pollination 
system was based on using the Polli Rosa pollinator cul-
tivar, implemented in a proportion of 10 %, being used 
exclusively as a pollinator. The orchard’s production was 
intended for fresh consumption.

The following treatments were evaluated: T1 – Ir-
rigation only, without fertilizer application; T2 – Ferti-
gation with 50 % of the dose recommended by CQFS-
RS/SC (2016); T3 – Fertigation with 100 % of the dose 
recommended by CQFS-RS/SC (2016); T4 – Fertigation 
with 150 % of the dose recommended by CQFS-RS/SC 
(2016); T5 – Fertigation with 200 % of the dose recom-
mended by CQFS-RS/SC (2016). The experimental de-
sign was in randomized blocks with five treatments and 
three replications. Each plot consisted of 26 plants; five 
were used for evaluations. In these, two branches per 
plant were previously marked for later evaluations.

Before implementing the experiment, soil samples 
were collected in the 0–20 cm and 20–40 cm layers and 
were sent for chemical and fertility analysis. These analy-
zes presented the following average results: pH in water: 
6.7; SMP Index: 6.5; H + Al: 2.5 cmolc∙dm-3; H: 2.46 cmol-
c∙dm-3; organic matter content: 3.2 % w/v; clay: 29 % w/v; 
P: 230.7 mg∙dm-3; Na: 11.0  mg∙dm-3; K: 279.0  mg∙dm-3; 
Ca: 12.9 cmolc∙dm-3; Mg: 1.9 cmolc∙dm-3; Al: zero; base 
saturation: 15.6  cmolc∙dm-3; effective cation exchange 
capacity (CTC): 15.6 cmolc∙dm-3; CTC at pH 7: 18.03 
mg∙dm-3; base saturation (V): 86.4 %; Al saturation (m): 
zero; S: 7.4 mg∙dm-3; Cu: 2.3 mg∙dm-3; Zn: 22.0 mg∙dm-3; 
B: 0.5 mg∙dm-3; Mg: 1.2 mg∙dm-3; Ca/Mg: 6.7; Ca/K: 18.2; 
Mg/K: 2.7; Ca/CTC: 71.8; Mg/CTC: 10.7 and K/CTC: 3.9. 
The nutrient doses for fertigation were defined based on 
the results of the soil analysis and the recommendations 
of the Soil Chemistry and Fertility Commission of Rio 
Grande do Sul and Santa Catarina (CQFS-RS/SC, 2016) 
for the plum tree. The dose recommended by CQFS-RS/
SC (2016), based on organic matter content in the soil, 

and, thus, N content, was 80 kg∙ha-1 N, 60 kg∙ha-1 K, 40 
kg∙ha-1 P, 30 kg∙ha-1 Ca, and 10 kg∙ha-1 Mg, corresponding 
to a 100 % dose (T3).

Fertigation was carried out every two weeks from 
August 4, totaling eight applications, 14 days apart, and 
the fertilizers were distributed equally in each applica-
tion. The sources of nitrogen (N), phosphorus (P), potas-
sium (K), calcium (Ca) and magnesium (Mg) used were 
mono ammonium phosphate – Krista MAP (61 % P2O5 
+ 12 % N); potassium sulfate – Krista SOP (51 % K2O + 
18 % S); calcium nitrate – Calcinit (18 % Ca + 15.5 % N); 
magnesium nitrate – Krista MAG (11 % N + 9.3 % Mg) 
and mixed mineral fertilizer – Krista K (43 % K2O + 12 % 
N + 1.0 % S + 1.0 % Mg).

The orchard had a drip irrigation system with two 
hoses per row and a spacing of 0.50 m per dripper. Irriga-
tion management was carried out based on soil moisture, 
measured using two tensiometers installed at 0–20 cm, 
20–40 cm deep, and 50 cm away from the plants. Irriga-
tions occurred when the average soil water tension was 
lower than -10 kPa. The average water tension in the soil 
was considered to be between zero and -10 kPa, suitable 
for the crop, and irrigation was not carried out when it 
was within these established limits. 

Phytosanitary treatments (fungicides, insecticides, 
and acaricides) were applied during the production cycle 
and based on weekly monitoring. Winter pruning was 
carried out in June, and manual fruit thinning was car-
ried out in October, aiming to maintain 700 fruits per 
plant.

Evaluations were carried out during the experiment 
until fruit harvest, covering the period from October to 
November 2019. Two fruits were selected and identified 
on previously marked branches, totaling ten fruits per 
plot, for weekly evaluation of the diameter and length 
of the fruits after harvesting. Winter pruning was car-
ried out in June, and manual fruit thinning was carried 
out in October, aiming to maintain 700 fruits per plant. 
The fruits’ longitudinal and sagittal diameters and length 
were measured with a digital caliper, expressing the re-
sults in millimeters (mm). The daily fruit growth rate was 
calculated as the difference between the final and initial 
values divided by the number of days passed, and the re-
sults were expressed in millimeters per day (mm∙day-1).

Plant tissue samples were collected on November 
22, 2019. One hundred complete leaves were collected 
per treatment from previously marked plants in the mid-
dle portion of the branches emitted during the year on 
the four legs of the plant. Subsequently, the samples were 
sent to the Soil Chemistry and Fertility Laboratory of the 
University of Caxias do Sul to verify the levels of macro 
and micronutrients in the leaf tissue according to the 
methods described by Tedesco et al. (1995).
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Thirty complete leaves were collected per treatment 
from previously identified plants to determine the aver-
age leaf area. These leaves were selected from the middle 
part of the branches that grew in the year in question on 
the four legs of each plant. Leaf area measurement was 
carried out by digitizing leaf images using an AM350 leaf 
area meter. The results obtained were expressed in square 
millimeters (mm2).

A representative sample of ten fruits per plot was 
collected for fruit quality analyses on November 25, 
2019. With a precision electronic scale, the average mass 
obtained was evaluated by the quotient between the mass 
and the number of 10 fruits, with the data expressed in 
grams per fruit (g∙fruit-1).

The firmness of the pulp was determined using a 
digital penetrometer with an 11 mm tip. After remov-
ing the epidermis with a superficial cut of two discs of 
approximately 1.0 cm in diameter on diametrically op-
posite sides in the equatorial portion of the fruit, the 
reading was carried out, and the results were expressed 
in kilograms-force (kg f). The diameter and length of 
fruits were measured with a digital caliper, positioning 
the fruits in a vertical position to measure length and 
horizontally for diameter. The results were expressed in 
millimeters (mm).

 Afterward, the fruit juice was extracted with an 
electric centrifuge to determine soluble solids (SS), ti-
tratable acidity (TA), and SS/TA ratio. The soluble solids 
content was determined with an analog refractometer, 
and the data were expressed in degrees Brix (°Bx). The ti-
tratable acidity was determined by titrating 2.0 ml of the 
sample juice diluted in 50 ml of distilled water and add-
ing three drops of phenolphthalein indicator to acquire a 
pink color, proceeding to titrate the sample with sodium 
hydroxide solution (NaOH 0.1 N), with a glass burette 
until reaching pH 8.1 (turning point) and the results 
were expressed as a percentage (% w/v) of malic acid. The 
ratio was calculated as the quotient between the soluble 
solids content and the titratable acidity. The determina-
tions followed methods described by the Instituto Adolfo 
Lutz (1985).

The data obtained were subjected to analysis of vari-
ance (ANOVA), and the means were compared using the 
Scott-Knott test, with a significance level of 5 % prob-
ability of error, using the statistical program System for 
Analysis of Variance (SISVAR).

3	 RESULTS AND DISCUSSION

The data regarding the growth rates of plum fruits 
depending on the fertigation doses applied are compiled 
in Figure 1.

For the growth rate regarding the diameter of the 
longitudinal and sagittal axis of the fruits, the plants sub-
jected to the fertigation dose of 200 % of the recommen-
dation by CQFS-RS/SC (2016), presented higher values 
than the other treatments, followed by treatment 150 % 
of recommendation. However, the lowest daily growth 
rate values were observed in plants that did not receive 
any fertilization throughout the production cycle. The 
daily fruit growth rate for length was higher at the two 

Figure 1: Daily growth rate of ‚Gulfblaze‘ plum fruits subjected 
to different doses of fertigation during the 2019/2020 cycle, 
Antônio Prado, RS. Means followed by the same lowercase let-
ter do not differ statistically using the Scott-Knott Test at a 5 % 
error probability. T1 – control; T2 – 50 % of the recommenda-
tion; T3 – 100 % of recommendation; T4 – 150 % of recom-
mendation; T5 – 200 % of recommendation. Coefficient of vari-
ation: Longitudinal: 3.14 %; Sagittal: 2.93 %; Length: 4.37 %.
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highest doses, with 0.51 mm∙day-1 and 0.49 mm∙day-1, re-
spectively. In the control, doses of 50 % and 100 % of the 
recommendation showed the lowest growth rates.

The increase in the concentration of mineral nutri-
ents, combined with the water availability provided by 
drip irrigation, increased the fruit growth rate. This phe-
nomenon appears to be directly linked to the increase in 
the photosynthetically active surface of the plant, that is, 
to the expansion of the leaf area, which, in turn, resulted 
in greater production and availability of photoassimilates 
for the growth of plums (Pramanick et al., 2022). Data 
relating to biometric parameters of fruit diameter and 
length, average mass, and plant leaf area are compiled in 
Figure 2.

At harvest time, the fruit diameter, length, and leaf 
area variables were affected by fertigation treatments. 
For all these variables, it was observed that the increase 
in nutrient doses applied via fertigation increased these 
variables, positively affecting them. The fertigation treat-
ment with 200 % of the dose recommended by CQFS-
RS/SC (2016) was superior to the others. The control had 
a smaller fruit diameter and length at harvest than the 
other fertigation treatments, with 48.08 mm and 49.05 
mm, respectively. On the other hand, the performance 
of 200 % and 150 % doses were 10.9 % and 7.1 %, higher 
than the control for fruit diameter and 12.4 % and 8.3 
% for length, respectively. Chagas (2008) reported, for 
the cultivar ‚Gulfblaze‘, 48.3 mm in diameter and 46.1 
mm in length of fruits in the 2007/2008 cycle in Jundiaí, 
SP, when characterizing cultivars with low cold require-
ments for subtropical regions of the state. For diameter, 
this result was greater than that observed in the control 
but lower than the treatments subjected to fertigation.

Fertigation treatment with 200 % of the dose rec-
ommended by CQFS-RS/SC (2016) resulted in the larg-
est average leaf area (2,713 mm2). In contrast, in the 
irrigation-only treatment, the plum trees had a smaller 
leaf area (2,146 mm2). There was no difference between 
treatments with 50 %, 100 %, and 150 % doses. These 
results demonstrate a directly proportional relationship 
between leaf area and the quality parameters of fruit di-
ameter and length, considering that an increase in leaf 
area was associated with an increase in the values of these 
parameters. Such a result may be related to the greater 
leaf area per plant, which may have provided greater 
availability of photoassimilates for the fruits. According 
to Franganito (2014), the leaf area and the functioning 
of the stomata influence productivity, as the first deter-
mines the interception of light, and the second controls 
the absorption of CO2, an important drain of water and 
nutrients for the fruits.

However, contrary to what was observed in the pre-
sent study, Chagas et al. (2016), when evaluating the ef-

Figure 2: Biometric parameters of plums and leaf area of 'Gulf-
blaze' plum trees subjected to different doses of fertigation during 
the 2019/2020 cycle, Antônio Prado, RS. Means followed by the 
same lowercase letter do not differ statistically using the Scott- 
Knott Test at a 5 % error probability. T1 – control; T2 – 50 % of 
the recommendation; T3 – 100 % of recommendation; T4 – 150 
% of recommendation; T5 – 200 % of recommendation.
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fect of irrigation and fertigation on the leaf area of ‚Maxi 
Gala‘ and ‚Fuji Suprema‘ apple trees in the 2015/2016 
harvest using conventional fertilization as treatments; 
conventional fertilization plus irrigation; irrigation plus 
fertigation and fertigation, no significant difference was 
observed between the treatments applied. Ferreira et al. 
(2018), when evaluating the effect of nitrogen fertiliza-
tion (zero, 30 kg·ha-1, 60 kg·ha-1, and 120 kg·ha-1) on peach 
trees ‚Cascata 1543‘ and ‚Cascata 1067‘ in an experiment 
conducted between 2012 and 2015 in the municipality of 
Pelotas, RS, found that the increase in nitrogen applica-
tion promoted an increase in leaf area, being observed at 
a dose of 120 kg∙ha- 1 the largest average leaf area (1,882 
mm2) compared to the control (1,230 mm2).

The leaf area is important for understanding pho-
tosynthesis, respiration, nutrient use, flowering, fruiting, 
and productivity (Demirsoy et al., 2004). Nitrogen is the 
nutrient most plants require, and those that most influ-
ence this variable since it is incorporated into the plant 
in the form of amino acids once absorbed from the soil 
solution. Thus, as the supply of this nutrient increases, 
proteins synthesized through amino acids promote leaf 
growth, increasing the photosynthetic area. Further-
more, nitrogen is involved in chlorophyll synthesis, and 
its deficiency decreases this synthesis. In situations with 
nutrient deficiency, there are losses in the photosynthetic 
process, reducing the efficiency of using sunlight and, 
consequently, the execution of essential functions, such 
as nutrient absorption (Dechen & Nachtigall, 2007).

From the results, it can be seen that, with the in-
crease in the amount of nutrients made available to the 
plants, an expansion of the leaf area was obtained due 
to the greater photosynthetic area, resulting in a greater 
capacity to reallocate photosynthates and provide nutri-
ents to the fruits, promoting greater potential for their 
growth.

For the variable average fruit mass, it was found 
that the plants that were subjected to fertigation doses 
of 200 % and 150 % of the recommendation had a mass 
increase of 35.8 % and 28.2 %, respectively, relative to the 

control (66.35 g·fruit-1), which did not differ from the re-
commended doses of 50 % and 100 % (Figure 2). These 
results were superior to those obtained by Oliveira et al. 
(2019), who found fruits with an average mass of 60.0 
g and 41.1 g, evaluating plum trees in Veranópolis, RS, 
classified plums with an average mass of less than 50 g 
as small, fruits with an average mass between 50–65 g as 
medium and fruits with an average mass of more than 
65 g as large. With this classification, the fruits of the pre-
sent study were considered large.

The greater average fruit mass increased fruit pro-
duction and productivity, as observed in treatments with 
150 % and 200 % of the CQFS-RS/CS (2016) recommen-
dation. Considering the commercial scale of production, 
the average size of the fruits plays a crucial role in the 
viability of an orchard, as it directly impacts productivity 
and profitability. This is due to the potential to increase 
production per plant and positively influence the prices 
negotiated for larger caliber fruits on the market (Petri 
et al., 2016).

	 Considering that the average quantity of fruits 
kept on the plant after manual thinning is 700, it is pos-
sible to estimate the average production and productivity 
of the treatments. Using 100  % of the fertilizer recom-
mendation according to CQFS-RS/SC, the estimated 
production and productivity are 49.8 kg∙plant-1 and 39.8 
t∙ha-1, respectively. On the other hand, with 200 % ap-
plication of the recommendation, estimated production 
and productivity reach 63.1 kg∙plant -1 and 50 t∙ha-1, re-
spectively, increasing 10.6 t∙ha-1, a 26.6 % increase relative 
to the recommended dose (T3). This result demonstrates 
the high productive capacity of the ‚Gulfblaze‘ cultivar, 
providing fruits with a high caliber when subjected to in-
creased nutrient supply and under adequate water avail-
ability.

Data on the nutrient contents in the leaf tissue of 
the plum trees as a function of each fertigation regime is 
compiled in Table 1.

It is essential to highlight the increase in leaf potas-
sium and nitrogen content, which, in high availability, 

Treatment N P K Ca Mg S Zn Cu Mn Fe B
g∙kg-1 mg∙kg-1

Control – T1 29.9 2.1 28.5 26.7 6.1 1.1 27.6 81.4 81.8 116.9 64.6
50 % – T2 29.3 2.3 24.9 25.7 6.2 0.7 28.1 96.8 84.8 120.2 60.5
100 % – T3 30.8 2.0 26.5 25.1 5.5 2.0 27.3 93.4 77.0 121.3 60.5
150 % – T4 29.8 1.7 20.3 18.7 4.2 1.5 20.1 76.4 72.2 94.1 57.7
200 % – T5 31.1 2.2 31.6 23.1 5.1 1.0 33.3 99.5 101.6 148.9 62.4

Table 1: Contents of nutrients in the leaf tissue of ‚Gulfblaze‘ plum trees subjected to different doses of fertigation during the 
2019/2020 cycle, Antônio Prado, RS.
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are related to the increase in fruit size. This is an im-
portant qualitative characteristic, as it adds value to the 
product, especially for fresh consumption. According to 
Dechen and Nachtigall (2007), adding nitrogen increases 
the availability of photosynthates to the fruits, providing 
greater plant growth and productive potential. For this, 
potassium is essential, as it helps in photosynthesis and, 
consequently, in cellular respiration and the accumula-
tion of carbohydrates in the plant‘s tissues.

Furthermore, fruit size is determined by the genetic 
characteristics of each cultivar. Other management fac-
tors also influence it in the orchard besides nutrition and 
irrigation, such as pruning and thinning practices and 
applying phytoregulators. It is also important to consider 
the environmental and climatic conditions to which the 
orchard is subjected (Giovanaz et al., 2014). 

The results of the present work differ from those ob-
served by Cechinel et al. (2022) in ‚Kinkas‘ apple trees 
grown in São Joaquim, SC, during the 2014/2015 pro-
ductive season. When evaluating the effect of irrigation 
and fertigation (conventional solid fertilization; conven-
tional solid fertilization plus irrigation; fertigation plus 
irrigation and fertigation), they observed no difference 
in the treatments relative to the average fruit mass. Si-
milarly, Dolinski et al. (2007), when evaluating the effect 
of different doses of nitrogen fertilizer (40 kg·ha-1·year-1, 
80 kg·ha-1·year-1, 120 kg·ha-1·year-1, 160 kg·ha-1·year-1, 
and 200 kg·ha-1·year-1) and potash (55 kg·ha-1·year-1, 110 
kg·ha-1·year-1, and 200 kg·ha-1·year-1) in the ‚Reubennel‘ 
plum tree in the region of Araucária, PR, in three con-
secutive years (2003, 2004, and 2005), the variable of 
average mass per fruit showed no difference between the 
evaluated treatments, with general averages in the range 
from 53 – 65 g∙fruit-1. The authors associated the lack of 
response to the high concentration of potassium in the 
soil in the study area and the supply of part of the nitro-
gen demand by soil organic matter, the natural presence 
of white clover, and rainwater. In the present study, it was 
observed that, even in fertile soil, this variable was affec-
ted by the treatments applied.

Nitrogen fertilization increases growth potential 
by increasing individual fruit mass at maturity and to-
tal fruit production (Saenz et al., 1997). On the other 
hand, the primary influence of potassium fertilization on 
the increase in average fruit mass is poorly understood. 
However, this nutrient is believed to participate in meta-
bolic activities related to synthesizing and transporting 
carbohydrates and water to fruits, resulting in greater 
fruit mass (Aular & Natale, 2013). This may explain the 
greater average fruit mass with increasing nutrient doses 
in fertigation.

The results regarding the quality parameters of the 
evaluated fruits are presented in Figure 3.

Figure 3: Results of pulp firmness, soluble solids content, titratable 
acidity, and SS/TA ratio of fruits from ‚Gulfblaze‘ plum trees sub-
jected to different doses of fertigation during the 2019/2020 cycle, 
Antônio Prado, RS. Means followed by the same lowercase letter 
do not differ statistically using the Scott- Knott Test at a 5 % er-
ror probability. NS: not significant by the ANOVA. 1 – titratable 
acidity expressed as gram equivalents of malic acid per 100 ml of 
juice. T1 – control; T2 – 50 % of the recommendation; T3 – 100 % 
of recommendation; T4 – 150 % of recommendation; T5 – 200 % 
of recommendation.
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There was no difference between treatments con-
cerning the physical-chemical parameter of titratable 
acidity. However, pulp firmness, soluble solids content, 
and SS/TA ratio were influenced by fertigation doses. The 
highest values of pulp firmness were observed in 200 % 
fertigation treatments, followed by treatment 150 % of 
the recommendation, which was superior to the other 
treatments and did not differ from the control. The two 
highest doses promoted an increase of 49.5 % and 33.9 %, 
respectively, relative to the control. According to Crisosto 
et al. (2001), the minimum pulp firmness for harvesting 
plums is 2.65 kg f to avoid damage due to impact during 
handling and storage. Considering the classification and 
subsequent commercialization stages, fruits with pulp 
firmness in the 1.32–2.65 kgf range are deemed suitable. 
For consumption, plums must have firmness in the 0.81–
1.32 kgf range, not less than 0.81 kgf.

A divergent result was observed by Branco et al. 
(2016), who found greater pulp firmness in the control 
when evaluating ‚ Kinkas ‚ apple trees in the 2013-2014 
harvest in São Joaquim, RS, under the effect of applying 
the same amounts of nutrients between conventional fer-
tilization, irrigation plus conventional fertilization, irri-
gation plus fertigation and in fertigation. The results were 
associated with the smaller fruit size in the control.

	 A likely explanation for the results obtained in 
the present study regarding pulp firmness was the obser-
vation that the control treatment was at a more advanced 
stage of maturation at the harvest stage. For this, the 
color of the fruit epidermis observed in the field during 
the experiment, the firmness of the pulp, and the soluble 
solids content obtained in the analyses were considered. 
Pessoa (2016) highlighted that it is natural to reduce the 
firmness of the pulp as the plum matures since the deg-
radation of complex carbohydrates, such as pectic sub-
stances, cellulose, and hemicellulose, results in changes 
to the cell wall and causes the pulp to soften. Therefore, 
this quality attribute is vital for the post-harvest conser-
vation of fruits.

Regarding the soluble solids content, the control 
(T1) and the dose of 200 % of the fertigation recom-
mendation (T5) performed similarly, while the other 
treatments did not differ. Anzanello and Menin (2018), 
when evaluating the phenology, production, and quality 
of fruits of potential plum cultivars for the Serra Gaúcha 
region in the 2014/2015 harvest, reported a soluble sol-
ids content of 9.5 ºBrix for the ‚Gulfblaze‘ cultivar, this 
value being higher than that found in the present study. 
On the other hand, in a study conducted by Vargas et 
al. (2017), this variable was not affected when evaluating 
the effect between rainfed, irrigated, fertigation A treat-
ments (based on a nutrient extraction rate of 10 kg·ha-1, 
15 kg·ha-1, and 20 kg·ha-1 of N, P, and K) and fertigation 

B (based on a nutrient extraction rate of 53 kg·ha-1, 13 
kg·ha-1, and 55 kg·ha-1 of N, P, and K) in apples ‚Galaxy‘, 
in the Campos de Cima da Serra region, RS.

	 The smaller leaf area in the control may have 
provided greater sunlight on the fruits and, consequently, 
greater accumulation of sugars. According to Feliciano 
et al. (2010), fruits with greater exposure to the sun tend 
to increase the soluble solids content. Another factor 
observed was the higher leaf potassium content in the 
control and the higher dose treatment (Table 1), which 
may have influenced this variable. K fertilization plays a 
fundamental role in the biosynthesis of sugars and car-
bohydrates, favoring an increase in the concentration of 
soluble solids in the fruit pulp since this nutrient helps 
transport carbohydrates (Jawandha et al. 2017). How-
ever, Barreto et al. (2020) did not observe any influence 
of increasing doses of potassium on color, pulp firmness, 
soluble solids, juice pH, total phenolic compounds, and 
antioxidant activity of peaches ‚Sensation‘ in soils with a 
high content of this nutrient.

Furthermore, the more advanced maturation ob-
served in the control may have affected the soluble solids 
content since, according to Argenta (2006), as the fruit 
ripens, the soluble solids content increases as a result of 
starch hydrolysis and other reserve substances present in 
the fruits.

Titratable acidity was not influenced by fertigation 
treatments, obtaining an average of 1.8 % w/v of malic 
acid. Chagas (2008), when evaluating the development 
of cultivars with low cold requirements for subtropical 
regions of the state of São Paulo in the 2007/2008 harvest, 
obtained for the cultivar ‚Gulfblaze‘ 1.0 % w/v of malic 
acid for the same harvest time of the present study.

Similar behavior to the soluble solids content was 
observed for the SS/TA ratio, in which the control and 
fertigation treatment of 200 % of the recommendation 
presented superior results. In the other treatments, the 
lowest results were obtained, not differing. Queiroz 
(2014) observed higher values, reporting an SS/TA ratio 
of 5.98 for the ‚Gulfblaze‘ cultivar when characterizing 
plum tree genotypes in the Central Depression physi-
ographic region of the State of Rio Grande do Sul in 2013.

The SS/TA ratio is one of the leading indicators 
of fruit quality, as it is related to the flavor of the fruit. 
This relationship indicates that the higher the value, the 
sweeter and less acidic the fruits are (Chitarra & Chitar-
ra, 2005). Therefore, as the titratable acidity values were 
not affected by the treatments, but the soluble solids val-
ues were, the SS/TA results‘ behavior was arranged the 
same way as those found for the soluble solids content.

	 Therefore, it is crucial to understand the pro-
ductive performance and quality of plum trees subjected 
to fertigation. This is because a combination of physical 



Acta agriculturae Slovenica, 120/4 – 2024 9

Growth and quality of ‘Gulfblaze’ plums subjected to fertigation

and chemical characteristics of the fruits supplied deter-
mines consumer acceptance and commercial value of 
plums. Buyers and consumers prefer larger fruits with 
redder skin and a sweeter flavor. Consequently, obtaining 
larger fruits, as observed in fertigation treatments, can 
result in higher profitability for the producer, making this 
management a crucial practice in the orchard. Further-
more, the incorporation of new driving systems and the 
increase in plant density in the most recent production 
areas indicate the need to increase the amount of fertiliz-
ers supplied throughout the Japanese plum production 
cycle. This aims to achieve fruits with superior caliber 
and high productivity. Furthermore, ensuring available 
water during critical periods, even in low rainfall, pro-
motes nutrient absorption and adequate plant growth.

4	 CONCLUSIONS

Increasing the dose of nutrients in fertigation for 
the ‚Gulfblaze‘ plum tree increased the daily fruit growth 
rate. Fertigation doses of 150 % and 200 % of the dose 
recommended by CQFS increased production and im-
proved fruit quality, while plants that were not subjected 
to fertigation and those subjected to a dose of 200 % of 
the recommendation had a higher content of soluble sol-
ids and SS/AT ratio, indicating better performance con-
cerning consumer preferences.
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