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Effects of foliar spray of agricultural grade ==

mineral oil in springtime, in combination
with potassium and calcium sulfates

on the phenological and biophysical indices
of clusters, and foliar nutritional levels

in grapevine (Vitis vinifera L.) cv. Sultana (ld.
Thompson seedless, Sultanina)

Rouhollah Karimi'", Abbas Saberi' and Ali Khadivi?"

Abstract

Background: Improving the nutritional condition of grapevine in spring to regulate bloom, fruit set, and yield is
among the management goals of vineyards.

Methods: In the present study, the early season spray of calcium sulfate (C; 0.00 and 2.00%), potassium sulfate (K;
0.00 and 3.00%), and agricultural grade mineral oil (V; 0.00 and 1.00%) on flower and fruit phenology, nutrient con-
centration, and cluster biophysical indices and yield of Sultana grapevine (Vitis vinifera L) were investigated for two
consecutive years.

Results: Based on the results, the spray of this nutrient combined with mineral oil significantly affected all the treat-
ments except cluster length, berry length, and phosphorus concentration. The highest concentrations of potassium,
calcium, and magnesium were obtained in the vines treated with V,K,C,, and the highest concentrations of zinc and
iron were obtained only in the vines treated with mineral oil. In treatments containing mineral oil, especially in com-
bination with the second level of calcium and potassium (V,K;C,), bloom time, berries pea-sized time, and harvest
time were delayed by 3, 3, and 6 days compared with control vines. While in vines treated with a combination of the
second level of potassium and calcium (V,K,C,), bloom time, berries pea-sized time, and harvest time were advanced
by 5,4, and 1.50 days, respectively, compared with control vines. Regarding the biophysical indices of the cluster, it
was found that the vines treated with V,K,C, had higher cluster weight, berry weight, fruit, and raisins yield than other
treatments. Also, the highest berry quality, including total soluble solids, titratable acidity, and total phenol content,
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were obtained in the vines treated with VK,C,. However, the lowest berry quality was observed in the vines treated

with mineral oil.

Conclusions: Therefore, the combination of nutrients with mineral oil can alleviate the adverse effect of mineral oil
solely on some phenological indices and berry quality-related traits in vineyards.

Keywords: Grape, Fruit quality, Mineral oil, Potassium, Calcium

Background

Achieving the right fertilizer composition to produce a
sustainable and high-quality product in vineyards is one
of the main viticultural management programs. In this
regard, every year, a significant part of chemical fertiliz-
ers is given to the vineyards at the non-appropriate time
or amounts which not only do not increase yield and
quality of vines but also imposes high costs on the vine-
growers and leads to soil pollution and salinity. Most of
the nutritional needs of trees are added to the soil in the
form of organic and chemical fertilizers, but due to barri-
ers to solubility and ion uptake, only a small part of these
elements is transferred to the aerial parts of the tree [32].
These limitations can affect negatively both growth and
development of fruits especially when there is a greater
need for nutrients. At the beginning of growing season,
due to increased growth in buds and the predominance
of vegetative growth, the concentration of nutrients
decreases dramatically in vines tissues [26, 30]. There-
fore, supplemental application of these elements at the
beginning of growing season along with mineral oils may
improve the concentration of these elements in tissues
and trigger metabolic activities related to these elements,
which ultimately leads to increased yield and fresh fruit
quality.

Various horticultural mineral oils have been used
in recent years to delay the budbreak or bloom time in
fruit trees [9]. In this regard, soybean oil in almonds [7],
pistachios [23], and grapes [11, 46], by preventing CO,
emissions and reducing respiration in buds, successfully
delayed budburst in treated plants. Horticultural min-
eral oil has always been considered to be a dormant oil
to eliminate chilling requirement of trees and to control
insects and mites [7, 19]. It could be also mixed with
plant nutrients to increase their absorption and affect leaf
nutritional status [1, 9]. The use of mineral oil in winter
simultaneously with full dormancy stage of buds has led
to accelerated blooming, increased flowering uniform-
ity, and increased quantity and quality of pistachio nuts
[9, 23]. However, its use after the ecodormancy stage
has delayed budbreak [7, 11, 29]. However, untimely or
high concentrations of mineral oil may cause bud necro-
sis rate, delayed fruit ripening, and reduced fruit quality
and production of raisins, number of clusters, and yield
in grapes [12, 46].

The use of nutrients in combination with mineral oils
with the aim of osmotic regulation in the bud and with
the aim of repairing possible damage caused by mineral
oils is one of the management methods which may affect
the ripening time and quality of the fruit by accelerating
the phenological stages of the fruit and completing the
optimal growth. Calcium and potassium are among the
essential elements that due to their structural and enzy-
matic roles can affect endogenous hormones, soluble
sugar content, budburst time, and final yield of fruit trees
[24, 26]. Calcium is involved in the binding of polysac-
charides and proteins that make up the cell wall [32]. It
also responds to environmental signals and hormones as
a secondary messenger in plants [5]. This element con-
tributes to auxin activity and is involved in cell division
and cell elongation, germination, and pollen tube growth
[21]. Calcium is also effective in improving flowering,
maturation, and transfer of carbohydrates from leaves
to fruits [32]. Potassium is involved in many aspects of
metabolism such as photosynthesis, protein, and sugar
transport, activation of more than 60 enzymes, regula-
tion of osmotic potential, regulation of stomata, and
phloem formation [24, 32]. Potassium deficiency stops
the transfer of sugar in the phloem vessels and can
cause sucrose accumulation in the leaves to compensate
reduced osmotic potential caused by its deficiency [34]. It
has been shown that the use of potassium improved clus-
ter weight, berry color, yield, and fruit internal quality
characteristics [20, 24, 48]. Most of the qualitative char-
acters of berry and seed of grape are affected by nutrients
[2, 33, 37-39].

Despite the separate use of potassium, calcium, and
mineral oil in the previous studies, the combined use of
these substances on bloom time, fruit set, fruit quantita-
tive and qualitative indices, and also leaf mineral nutri-
ents content has not been reported in fruit trees. On the
other hand, the previous studies have shown that the
use of calcium sources alone can reduce the amount of
potassium in leaves and fruits in different trees, which
highlights the need for combined use of calcium and
potassium [25, 44]. Therefore, in the present study, the
combined and separate effects of these compounds on
phenological changes in Sultana grape cultivar in vine-
yard conditions were evaluated. The ultimate goal of
this study was to achieve the appropriate combination of
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fertilizers with mineral oil and to investigate its effects on
phenological characters (the times of budburst, bloom,
and ripening), fruit set percentage, yield components
(number of clusters in vine, berry weight, cluster weight,
fruit yield, and raisins) and some fruit quality indices
(soluble solids, titratable acidity, pH, ascorbic acid, and
total phenol content) as well as the concentration of ele-
ments in the leaves. The special goal of this study was
to investigate the efficiency of potassium and calcium
application in reducing the negative effects of mineral oil,
especially on the sugar content and fruit ripening time in
Sultana grapevine cultivar.

Materials and methods

Plant material and treatments

The present experiment was accompanied in 2017 and
2018, on the own root of 20-year-old grapevines (V. vin-
ifera cv. ‘Sultana’) from a commercial vineyard at Abbas-
Abad village of Khondab (Lat. 34°38'N, Long. 49°10'E,
and Alt. 1707 m) in Markazi province/Iran. Minimum,
maximum, and mean annual temperatures of Khondab
area were — 16.50 °C, 38.40 °C, and 13.20 °C, respectively,
with mean rainfall per annum of 318 mm. Although this
site has relatively long and hot summers, the winter tem-
peratures may plunge down to — 17 °C or even lower.
The vineyard site has loamy soil; some physicochemical
parameters of soil at the commercial vineyard are shown
in Table 1.

Vines with non-trellised and density of 2 x 4 m were
watered under furrow irrigation system and were annu-
ally pruned in early March so that every vine had 15
fruit spurs of 6-buds each. The experimental layout was
factorial, based on a randomized complete block design
with three replications per treatment and two vines per
replication. Base mineral fertilizers were applied per hec-
tare at the rates of 130 kg ammonium sulfate, 120 kg tri-
ple superphosphate, 150 kg potassium sulfate, and 45 kg
magnesium sulfate, and 5 kg zinc sulfate monohydrate,
based on soil test interpretations [43].

The vines were sprayed with calcium sulfate (CaSO,;
0.00 and 2.00%), potassium sulfate (K,SO,; 0.00 and
3.00%) and mineral oil (Volck®; 0.00 and 1.00%) each at
two levels to run-off in 2017 (25 March and 01 April) and
2018 (26 March and 02 April; [13]. Carboxymethylcellu-
lose sodium (CMC; 1.00% W/V) was used as emulsifier

Table 1 Analysis of soil samples at experimental vineyard
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to mix water and oil. The different foliar treatments
were named as V K,C, (control, mineral oil, K,SO,,
and CaSO, at 0.00%), V,K;C, (0.00% mineral oil, 3.00%
K,SO,, and 0.00% CaSO,), VK,C; (0.00% mineral oil,
0.00% K,SO,, and 2.00% CaSO,), VK;C,(0.00% mineral
oil, 3.00% K,SO,, and 2.00% CaSO,), V,;K,C, (1.00% min-
eral oil, 0.00% K,SO,, and 0.00% CaSO,), V;K;C, (1.00%
mineral oil, 3% K,SO,, and 0% CaSO,), V,K,C, (1.00%
mineral oil, 0.00% K,SO,, and 2.00% CaSO,), and V,K,C,
(1.00% mineral oil, 3.00% K,SO,, and 2.00% CaSO,). The
vines treated in 2017 were the same treated also in 2018.

Phenological measurements

In both years, to record phenological indices during the
growing season, vines were monitored every day after
budbreak and the time of occurrence of different pheno-
logical stages was recorded using the Eichhorn-Lorenz
(EL) system [18], where higher EL values indicate more
advanced phenology [46]. The phenological stages that
were recorded in the present study included (1) days to
full bloom stage (DFB; EL stage 23), (2) days to berries
pea-sized stage (DBP; EL stage 31) and (3) days to com-
mercial ripening stage (DTR; EL stage 38). Likewise, fruit
set (EL stage 27) percentage was determined by the ratio
of swelled berries to counted florets.

The DFB was recorded as the number of days from the
date of second spraying and to the date when the clus-
ters of vines had shown 50% of flower-hoods fallen, while
the DBP was counted from the date of second spraying
to the date when berry had reached the pea-size stage
(unripe berries with pH of 2.50 and TSS of 9). The DTR
was counted from the date of second spraying to the date
when berries had reached to sugar level with 18 “Brix.

Fruits were harvested in the fourth week of Septem-
ber according to the commercial maturity index of
18 “Brix in control vines and transferred to the Horti-
cultural Research Laboratory of Malayer University to
determine the fruit and raisin yield and fruit yield com-
ponents and to measure the quantitative and qualitative
characteristics.

Fruit biophysical indices and yield

The total number of clusters per vine was recorded as
the average number of clusters counted on three selected
vines in each treatment at harvest time. The berry length

Soildepth  Clay (%) Sand (%) Silt(%) Soil texture pH EC TN.V  Absorbable Absorbable TotalN (%) Total C (%)
(cm) (ds/m) (%) P (ppm) K (ppm)

0-30 36.20 2640 3740 CcL 770 0.77 19 19 200 0.05 0.52

30-60 35.70 27.80 36.50 CL 780 0.76 28 14 167 0.03 027




Karimi et al. Biol Res (2021) 54:28

and berry diameter were recorded with a digital cali-
per as the average length and diameter of 20 randomly
selected berries in each treatment at harvest. Moreo-
ver, cluster length was recorded with a digital caliper as
the average length of five randomly selected clusters in
each treatment at harvest. Other biophysical characters
such as berry weight and cluster weight were measured
with a digital scale. Vine yield was the average weight
of harvested clusters on the three selected vines in each
treatment.

Fruit quality indices

In each treatment, berry quality-related traits, includ-
ing total soluble solids (TSS), titratable acidity (TA), pH,
ascorbic acid, and total phenol content were measured
in the harvested clusters. The TSS of berry juice was
measured at 25 °C using a refractometer (Atago, Japan)
and sugar level was expressed as °Brix. Total acidity was
determined in the same juice by titration with NaOH
(0.10 N) up to pH 8.10, using 1.00 mL of diluted juice in
25 mL distilled H,O, and results were expressed as g tar-
taric acid equivalent per liter.

To measure the ascorbic acid (vitamin C) of fruits,
the amount of 1.27 g of iodine was mixed with 16.60 g
of potassium iodide in distilled water and its volume was
brought to one liter. Then 5.00 ml of the filtered fruit
extract was mixed with 20 ml of distilled water and 1.00
ml of 1.00% starch solution was added to it. It was pre-
pared with potassium iodide solution and titrated until
dark water appeared and its ascorbic acid content was
calculated [6].

The Folin-Ciocalteau method was used to measure
total phenol according to Velioglu et al. [45] with some
modifications. In total, 500 mg of fresh leaves tissue was
mixed with methanol (85%) and after centrifugation at
6000 x g for 10 min, a mixture of 0.30 mL of methanolic
extract and one mL Folin-Ciocalteau reagent (10%) was
prepared. Five minutes after fast vortexing the tubes, 1.00
mL of sodium carbonate (7%) was mixed with the result-
ing solution and was placed in a shaker for 20 min at RT
in darkness. The total phenolic content of all samples was
measured at 765 nm. Finally, by means a standard curve
preparing by gallic acid, total phenolic content was deter-
mined and the results were represented as mg per gram
of fresh weight (FW).

Raisin preparation

Chemical pre-drying treatments that hasten drying were
applied for raisin processing. Briefly, 5.00 kg of freshly
grape clusters were washed carefully with tap water and
dipped into an alkaline oil-in-water emulsion known to
grapevine growers as ‘cold dip’ (50 g potassium carbonate
+ 2 mL ethyl oleate + 1L distilled water) for 5 min [28,
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40]. After this treatment, grape clusters were spread on a
drying rack with wire mesh sheets under direct sunlight
and left on the rack until they reach 15% moisture for 5
days [28]. After drying, the resulting raisins were boxed
immediately after shaking and kept in a cool place. Yield
of raisins was calculated by weighing raisins obtained
from each kg of grapes in each treatment [3].

Leaf mineral content

Samples of leaves were collected on 25 July 2017-2018
and their N, P, K, Mg, Ca, Zn, Mn, and Fe concentrations
were measured. Three leaves were taken from the mid-
dle of growing shoots. Petioles were oven-dried at 70 °C
until constant weight, then ground to a powdery texture
and 0.20 g was taken to determine the aforementioned
elements. Total N was determined by the Kjeldahl. The
P was determined using a spectrophotometer. The K was
flame photometrically determined. The sample extracts
were analyzed for Mg, Ca, Fe, Zn, and Mn using an
atomic absorption spectrophotometer (Varian, 220) [20].

Statistical analyses

Results were subjected to a two-way analysis of variance
(ANOVA) using GLM procedures of the SAS software
package (SAS Institute Inc., Cary, NC, USA), and mean
separation was done using Duncan’s multiple range test
at P < 0.05.

Results

Leaf macro-elements

The effect of calcium, potassium, and mineral oil and
their interaction effects on the content of leaf macro-ele-
ments were significant at 0.01 probability level. The nitro-
gen and calcium content of the leaves in the vines treated
with the combination of the second level of potassium
sulfate and calcium sulfate without mineral oil (V,K;C,)
was higher compared with other treatments (Table 2).
Also, the potassium and magnesium content of leaves in
the vines treated with the second level of potassium sul-
fate alone (V,K;C,) was higher than in other treatments
(Table 2).

Leaf phosphorus content in the vines treated with min-
eral oil alone (V,K,C,) was higher than in other treat-
ments (Table 2). The lowest content of nitrogen, calcium,
and magnesium of the leaves was related to the vines
treated with mineral oil alone (Table 2). Control vines
(VoKoC,) showed less potassium compared with other
treatments (Table 2). The vines treated with potassium
(VoK;C,p) in 2017 and also the vines treated with potas-
sium sulfate and calcium sulfate (VK;C,) in 2018 showed
lower phosphorus content (Table 2).
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Table 2 The combination effect of mineral oil, potassium sulfate, and calcium sulfate on leaf macro-elements of Sultana grapevine

Treatment N K P Ca Mg

(%) (%) (%) (%) (%)

2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
VoKoCo 226b 207c 135e 131e 038b 035b 207 cd 201d 113 ¢ 1.20bc
VoK, Co 247 a 233ab 204a 2.16a 0.28 ¢ 0.35 bc 258b 267b 150a 1.35a
VoKoGC4 2.38a 2.37a 1.74 bc 172 ¢ 040a 0.39ab 263b 270b 130b 1.25b
VoK, G, 245a 243a 1.84b 1.97 bc 042a 0.30c 284a 287a 145 ab 1.17 ab
ViKGo 203 ¢ 1.72d 148 de 1.56d 043a 045a 200d 1.92d 1.13d 116 cd
VK Gy 207c 203c 1.90 ab 203a 035b 030c 236cd 240c 1.22bc 117 cd
VKo G 225b 222b 1.61 cd 1.79 ¢ 035b 035b 245 bc 270b 113 ¢ 1.06d
VK, G 235ab 222b 1.99a 2.10ab 0.38ab 0.33 bc 247b 269b 143 ab 1.28ab

The means with common letters in each column according to Duncan’s test are not significantly different (P < 0.05). V,=0.00% mineral oil, V, = 1.00% mineral oil;

Ky =0.00% K,SO,, K, =3.00% K,S0,; Co=0.00% CaSO,, C, =2.00% CaSO,

Leaf micro-elements

The effect of calcium, potassium, and mineral oil and
interaction effects on the content of leaf micro-ele-
ments were significant at 0.01 probability level. Leaf
iron and zinc content in the vines treated with mineral
oil alone (V;K,C;) was higher than other treatments,
although it did not show a statistically significant dif-
ference with some treatments (Table 3).

Vines treated with mineral-free calcium sulfate and
potassium sulfate (V,K;C,;) showed higher leaf manga-
nese content than other treated compounds (Table 3).
The lowest leaf iron content was observed in the vines
treated with calcium sulfate treatment alone (V,K,C,),
while the lowest leaf zinc was in the vines treated with
calcium sulfate and potassium sulfate (V K;C,) and the
lowest manganese was in control vine leaves (V,K,C,)
(Table 3).

Phenological indices

Flowering time (EL stage 23) in the vines treated with the
combination of the second level of calcium, potassium,
and mineral oil (V,K;C,;) (without significant difference
with mineral treatment alone) occurred with a longer
delay compared with other treatments (Table 4). In con-
trast to the second level treatment of calcium sulfate and
potassium sulfate (VK,C,), the flowers bloomed faster
than other treatments, so it did not show statistically sig-
nificant differences with the flowering time in the vines
treated with the second level of potassium sulfate alone
(Table 4).

Berries pea-sized phase (EL stage 31) as an important
stage grape development was affected significantly by
the use of potassium sulfate, calcium sulfate, and mineral
oil. Interestingly, the berries pea-sized stage was reached
6 days later in the vines treated with mineral oil at 1.00%
with or without calcium sulfate and potassium sulfate
compared with vines sprayed with the second level of
calcium sulfate and potassium sulfate without mineral

Table 3 The combination effect of mineral oil, potassium sulfate, and calcium sulfate on leaf micro-elements of Sultana grapevine

Treatment Fe Zn Mn

(ppm) (ppm) (ppm)

2017 2018 2017 2018 2017 2018
VoKoCo 116.3d 1185d 54.52¢ 55.46 cd 1115¢ 1126 ¢
VoKiGo 1251 cd 1206 ¢ 59.53b 5840 c 1202 b 1231b
VoKoG, 1123d 1155d 53.50¢ 55.05 cd 1127 ¢ 1175 bc
VoK, G, 1215d 130.1b 5230c¢ 51.10d 1333a 1365a
ViKoGo 1480 a 146.5 a 69.87 a 68.62 a 1122¢ 116.3 bc
ViK G 144.7 ab 1436a 68.15a 67.21a 117.2bc 1207 b
ViKoG 132.2 abc 13570 b 61.88b 6345b 1205b 1202b
VK G 140.2 abc 1459a 5822b 67.55 ab 1243b 1253b

The means with common letters in each column according to Duncan’s test are not significantly different (P < 0.05). V,=0.00% mineral oil, V; = 1.00% mineral oil;

Ko=0.00% K,S0,, K, =3.00% K,SO,; Co=0.00% CaSO,, C, =2.00% CaSO,
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Table 4 The combination effect of mineral oil, potassium sulfate, and calcium sulfate on phenological indices of Sultana grapevine

Treatment Days to full bloom stage Days to berries pea-sized Days to ripening stage Fruit set
stage (%)

2017 2018 2017 2018 2017 2018 2017 2018
VoKoCo 542b 534c¢ 69.0b 6850b 1385b 14150 ab 24.2 cd 244 ¢
VoK, Co 50.1 cd 494d 655¢ 64.50 ¢ 1370b 13750 ¢ 31.5a 355a
VoKoC, 510c¢ 51.1d 66.5c¢ 66.50 bc 1375b 139.50 bc 274 bcd 264 bc
VoK G, 495d 503d 65.0 ¢ 6550 C 1370b 138.50 bc 288ab 30.8ab
ViKCo 570a 569a 725a 7250 a 1445 a 14550 a 255cd 2450 ¢
VK Gy 55.5ab 548b 715a 7250a 1430a 14550 a 283 abc 280b
VKo G 550ab 56.2a 715a 7250a 1430a 14550 a 27.7 bc 285b
VK G 56.5a 56.7 a 715a 7250a 1435 a 14550 a 28.7 abc 312ab

The means with common letters in each column according to Duncan’s test are not significantly different (P < 0.05). V,=0.00% mineral oil, V, = 1.00% mineral oil;

Ky =0.00% K,SO,, K, =3.00% K,S0,; Co=0.00% CaSO,, C, =2.00% CaSO,

oil (Table 4). However, the vines treated with mineral oil
with and without calcium sulfate and potassium sulfate
were different from control vines (V K,C,) in both years
for 2 to 3 days until reaching the berries pea-sized stage
(Table 4).

Harvest time (EL stage 38) based on commercial ripen-
ing stage index ("Brix) was affected by the use of mineral
oil in combination with calcium sulfate and potassium
sulfate. Application of mineral oil with or without cal-
cium sulfate and potassium sulfate delayed fruit ripening
stage compared with control vines. However, the com-
bination of potassium sulfate and calcium sulfate with-
out mineral oil (VK;C,) accelerated fruit ripening stage
compared with control vines (Table 4).

Mineral oil spray in combination with calcium sulfate
and potassium sulfate significantly affected fruit set (EL
stage 27) percentage. Fruit formation in the vines treated
with the second level of potassium sulfate (VK;C,)
increased by 23.20% compared with control vines. There

was no significant difference between the other treat-
ments in terms of fruit formation (Table 4).

Yield components

Cluster number, cluster weight, cluster length, berry
weight, and berry length were significantly affected by
mineral oil spray in combination with calcium sulfate and
potassium sulfate. The number of clusters in the vines
treated with the second level of mineral oil alone was the
highest in 2017 and in the vines treated with the second
level of calcium alone in 2018, however, it did not show a
significant difference with many treatments in this regard
(Table 5).

In both years, the weight of the clusters of the vines
treated with the second level of potassium alone (V K, Cy;
in 2017) or the combined treatment of the second level of
potassium and calcium (V K;C;; in 2018) was more than
the other treatments (Table 5). Also, in the study of treat-
ments, it was found that the application of the second

Table 5 The combination effect of mineral oil, potassium sulfate, and calcium sulfate on cluster characteristic and yield components

of Sultana grapevine

Treatments Cluster number Cluster weight Cluster length Berry weight Berry length

(no.) (9) (em) (9) (cm)

2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
VoKoCo 733ab 724b 163.5cd 164.9 d 189b 184b 0.84d 0.76 d 146 ¢ 148b
VoKiCo 67.8 ¢ 69.4 bc 196.2 a 1953 ab 216a 203ab 1.25a 1282 1.71a 1.65a
VoKoCi 71.8 abc 751 a 171.2 1756 cd 20.2ab 215a 0.99 bc 0.87 cd 1.58 bc 1.54 ab
VoK, G 67.6C 67.7 C 1916a 200.6 a 194 b 215a 1.16 ab 095¢ 1.47 bc 144 b
ViKoCo 759a 763a 153.5e 152.9e 182b 190b 0.84d 092 ¢ 144 c 141 bc
VK, Co 70.3 abc 714b 1809 b 1823 ¢ 212a 222a 1.05b 1.15ab 1.54 bc 135¢
e 74.7 ab 76.5a 158.5ed 1579de 218a 219a 0.89cd 092c 1.55 bc 132¢
VK, G, 69.5 bc 721 b 187.8 ab 1926 b 219a 190b 1.11b 1.10b 1.57 bc 148Db

The means with common letters in each column according to Duncan’s test are not significantly different (P < 0.05). V,=0.00% mineral oil, V; = 1.00% mineral oil;

Ko=0.00% K,S0,, K, =3.00% K,SO,; Co=0.00% CaSO,, C, =2.00% CaSO,
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level of mineral oil reduced the weight of the clusters in
comparison with the first level treatments of mineral oil
(treatments without the use of mineral oil). For instance,
the weight of the panicle in the potassium sulfate treat-
ment alone was 196.20 g in 2017, but the weight of the
cluster in the vines treated with this treatment and min-
eral oil was 180.90 g (Table 5).

Application of the second level of potassium sulfate
and calcium sulfate with and without combination with
mineral oil had better effects on the length of the clus-
ters compared with the control and vines treated with
the second level of mineral oil alone (Table 5). The weight
and length of berries in the vines treated with the second
level of potassium sulfate alone (V(K,C,) was higher than
in other treatments. The lowest weight and length of ber-
ries without significant differences were observed in the

m2017 m@2018
16 -
15 A a
b be be
14 4 d cd
4 d de
13 A

12 4

Fruit yield (kg/vine)

11 4

VOKOCO VOKI1CO VOKOCI VOKICl VIKOCO VIKICO VIKOC1 VIKICI

Treatments
Fig. 1 The combination effect of mineral oil, potassium sulfate,
and calcium sulfate on yield of Sultana grapevine. The means with
common letters in each column according to Duncan’s test are not
significantly different (P <0.05). V,=0.00% mineral oil, V; = 1.00%
mineral oil; K,=0.00% K,SO,, K; =3.00% K,SO,; C,=0.00% CaSO,,
C,=2.00% CaSO,
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control vines and the vines treated with the second level
of mineral oil alone (Table 5).

The yield of the vines treated with the combination of
the second level of potassium sulfate and calcium sulfate
without mineral oil (VK,C,) was higher than in other
treatments. However, there was no significant difference
with the yield of the vines treated with potassium sulfate
level alone in this regard (Fig. 1). The lowest yield was in
the vines treated with the second level of mineral oil in
combination with calcium sulfate.

Qualitative indices

Berries pH, TA, and TSS were affected by the treat-
ment of mineral oil in combination with calcium sul-
fate and zinc sulfate. The pH and TSS of berries in the
vines treated with the combined treatment of the second
level of calcium sulfate and potassium sulfate without
mineral oil (V(K,C,) were higher compared with other
treatments. The lowest berries pH and TSS were in the
control vines and the vines treated with the second level
of mineral oil alone (Table 6). On the other hand, in the
vines treated with mineral alone (V,;K,C,), the amount of
berries TA was higher compared with other treatments,
although there was no statistically significant difference
with some treatments (Table 6).

The berries phenol and ascorbic acid content in vines
was affected by spray of mineral oil in combination with
potassium sulfate and calcium sulfate. The total phenol
content of berries in the vines treated with the second
level of potassium sulfate and calcium sulfate without
mineral oil (VK,C;) showed an increase of up to 42%
compared with the control vines and up to 49% rise com-
pared with the vines treated with the second level of min-
eral oil alone (Fig. 2).

Table 6 The combination effect of mineral oil, potassium sulfate, and calcium sulfate on berry quality characteristic and yield

components of Sultana grapevine

Treatments pH TA TSS
("Brix)

2017 2018 2017 2018 2017 2018
VoKoCo 338¢ 338¢ 254cd 254 bc 182d 179de
VoKiCo 349 ab 3.62a 255ab 2582 22.1ab 224 bcd
VoKoG4 340c 340 bc 251e 2.54 abc 194 cd 19.7d
VoK, G 355a 365a 2.53de 2.53 bed 243 a 254 a
ViKoCo 335¢ 337¢ 257a 258a 189d 188 de
VK, 342 be 347b 256 ab 256ab 214 bc 233 bc
ViKoG, 342 bc 339 bc 256 ab 257 a 19.6 bcd 215cd
VK,C, 352a 361a 253de 252cd 239b 238b

The means with common letters in each column according to Duncan’s test are not significantly different (P < 0.05). V,=0.00% mineral oil, V; = 1.00% mineral oil;

Ko=0.00% K,S0,, K, =3.00% K,SO,; Co=0.00% CaSO,, C, =2.00% CaSO,
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Fig. 2 The combination effect of mineral oil, potassium sulfate, and
calcium sulfate on berry total phenolcontent of Sultana grapevine.
The means with common letters in each column according to
Duncan’s test are not significantly different (P <0.05).V,=0.00%
mineral oil, V;=1.00% mineral oil; K,=0.00% K,SO,, K; =3.00% K,SO,;
Cy=0.00% CaSO,, C; =2.00% CaSO,

The ascorbic acid content of berries in the vines treated
with the second level of potassium sulfate and calcium
sulfate without mineral oil (V K,;C;) was higher than
other treatments, however, there was no statistically sig-
nificant difference with the vines treated with the combi-
nation of the second level of all three materials (V,K,C,).
Other treatments did not show significant differences
with others in terms of ascorbic acid content (Fig. 3).

Raisins yield

The yield of raisins obtained from the vines treated with
the second level of potassium sulfate alone (V,K,C,) was
higher than other treatments, while the vines treated with
the second level of mineral oil alone (V,K,C,) showed
less performance in terms of raisin production so that

30 1 m2017 ®2018

[N
o

=
o

Ascorbic acid (mg g! berry)
* G

o

VOKOCO VOKI1C0 VOKOCI VOKIC1 VIKOCO VIKICO VIKOC1 VIKICI

Treatment
Fig. 3 The combination effect of mineral oil, potassium sulfate, and
calcium sulfate on berry ascorbic acid content of Sultana grapevine.
The means with common letters in each column according to
Duncan's test are not significantly different (P <0.05). V,=0.00%
mineral oil, V; = 1.00% mineral oil; K, =0.00% K,SO,, K; =3.00% K,SO,;
Cy=0.00% CaSO,, C, =2.00% CasO,
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they did not show significant differences with the control
vines. In fact, the yield of raisins obtained from the vines
treated with the second level of potassium sulfate alone
(VoK,Cp) was 27% higher than the vines treated with
the second level of mineral oil alone (V,K,C,) and 22%
higher than that of the control vines (Fig. 4).

Discussion

Adequate nutrient supply is important especially in the
early growing season to provide the necessary structural
components for bud bloom as well as successful fertili-
zation of flowers. At the beginning of the season, due to
the increase in growth in buds and the predominance
of vegetative growth, the concentration of nutrients in
plant tissues decreases [30]. In these conditions, elements
such as potassium due to high need in the vine or ele-
ments such as calcium are not provided enough for the
vine due to the slow movement from the soil to the roots
and transport in the vessels. Therefore, these conditions
are considered as an important factor limiting flowering,
fruit set, and final fruit quality in the vineyards [10]. In
the present study, the early-season application of potas-
sium sulfate and calcium sulfate in combination with
mineral oil affected all the measured indices such as leaf
elements concentration, phenological indices, yield, and
fruit quality of Sultana grapevine.

The vines treated with potassium sulfate alone or in
combination with calcium sulfate showed higher con-
centrations of nutrients such as leaf potassium, calcium,
magnesium, and nitrogen. In grapes, foliar application
of potassium sulfate [24, 48], potassium sulfate and urea
[27], and calcium sulfate and zinc sulfate [25] increased
the concentration of some nutrients in leaves and fruits.
Calcium foliar application during 2 to 3 weeks after the
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<
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Treatments

Fig. 4 The combination effect of mineral oil, potassium sulfate, and
calcium sulfate on produced raisin of Sultana grapevine. The means
with common letters in each column according to Duncan’s test are
not significantly different (P <0.05). V,=0.00% mineral oil, V;, = 1.00%
mineral oil; Ky=0.00% K,SO,, K; =3.00% K,S0,; C,=0.00% CasSO,,
C,=2.00% CaSO,




Karimi et al. Biol Res (2021) 54:28

full bloom stage effectively increased the calcium con-
tent in the fruit tissue of Golden Delicious apple culti-
var [31]. In an experiment on pistachio trees, application
of mineral oil did not increase phosphorus and potas-
sium content in the leaves, but increased iron, zinc, and
manganese content compared with control plants [1].
The combined application of mineral oil and potassium
nitrate in pistachios at the silver tip stage (February)
increased the nitrogen and potassium content in flower
buds compared with the control treatment [23]. In pista-
chio, leaf iron and zinc content of the trees sprayed with
mineral oil was lower than untreated plants [1]. It is pos-
sible that mineral oil spray increases the absorption effi-
ciency of some nutrients such as phosphorus, iron, and
zinc [23]. Higher levels of elements such as phosphorus
in the leaves of the trees sprayed with mineral oil alone
or mixed with dietary supplements can be due to the
stabilization of nutrients by mineral oil in the leaves [1].
It seems that the combined use of nutrients with min-
eral oil has a better effect on improving the absorption
of elements compared with the use of mineral oil alone.
In other words, the combination of these nutrients with
mineral oil can increase essential nutrients, which is
suitable for the reproductive growth of the plant in the
growing season. Genetic and viticultural factors such as
fertilization and ecological factors (such as temperature,
light, humidity, and soil) have a great impact on the leaf
and fruit elements [30]. Potassium and calcium increase
photosynthesis and sugar production to enter the target
organs [24, 36]. Increased yield, as well as carbohydrate
and nitrogen reserves in the plants treated with these
nutrients, may increase nutrient uptake by increasing
root growth and developing root contact with soil [42].
Witnesses have grown especially in critical stages. On the
other hand, adequate potassium supply in the vine, while
osmotic regulation in the tissues increases the mobility of
the elements, which confirms the findings of the present
study.

In the treatments containing mineral oil, especially in
combination with the second level of calcium and potas-
sium (V,K;C,), bloom time, berries pea-sized time, and
harvest time were delayed by 3, 3, and 6 days compared
with control vines, while in the vines treated with a com-
bination of the second level of potassium and calcium
(VoK;C,), bloom time, berries pea-sized time, and har-
vest time were advanced by 5, 4, and 1.50 days, respec-
tively. Foliar application of soybean oil delayed the onset
of flowering time and full flowering time in apricots
[14]. Also, calcium chloride and calcium nitrate spray
in combination have led to a significant increase in the
quality and concentration of nutrients in apple fruit
[47]. Increasing the concentration of nutrients, espe-
cially calcium and potassium in the plants treated with
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potassium sulfate and calcium sulfate, by increasing the
necessary infrastructure for the production of sugars
and proteins, paves the way for regulating the flowering
time [25]. It seems that an adequate supply of elements
such as calcium and potassium, especially in the stage of
rapid fruit growth (berries pea-sized) while increasing
photosynthesis causes the material to reach the berries
and thus increases berry size and cluster weight. On the
other hand, mineral oil reduces leaf photosynthesis at the
beginning of the season [23], which can affect the com-
pletion of phenological and fruit development stages [1].

The highest percentage of fruit set was obtained in
the plants treated with 3.00% potassium sulfate, which
showed a significant difference with other treatments,
and the lowest fruit formation was obtained in the
control vines (Table 3), indicating the role of calcium
[26] and potassium [20, 24] in fruit set. Potassium can
improve the effect of transferring other elements and
cause better loading of photosynthetic products such as
glucose and sucrose into the phloem vessels during flow-
ering, fertilization, and fruit set [30, 34]. Calcium con-
tributes to auxin activity and is involved in cell division
and cell elongation, germination, and pollen tube growth
[21]. Calcium is effective in improving flowering, matura-
tion, and transfer of carbohydrates from leaves to fruits
[32]. It seems that an adequate supply of nutrients dur-
ing the plant growth period while increasing the effective
pollination period has increased the percentage of fruit
set. Calcium and potassium play an important role in
many physiological and biochemical processes required
for growth and development, including cell division and
elongation, flowering and fruit set, which can directly
affect the percentage of fruit set [10]. Application of soy-
bean oil in Fakhri cultivar reduced fruit set compared
with the control vines [12], which is consistent with the
results of the present study. High concentrations of oils,
due to the opacity of the buds and the excessive accumu-
lation of respiratory gases within them, cause the death
of the buds and subsequently cause thinning and falling
of flowers, compared with lower concentrations [11, 17].
On the other hand, the relatively long delay in the bloom
date in the vines treated with mineral oil caused the pol-
lination stage and fertilization of flowers at a temperature
above the optimal level, and this somewhat reduces the
success in practice [12, 13]. The effect of a high concen-
tration of soybean oil on reducing the percentage of fruit
set and subsequent yield reduction in different grape cul-
tivars [12, 13], peach [17], and pistachio [1] have been
reported, which confirmed the negative effect of horti-
cultural oils on flowering and fruit set.

Regarding the biophysical indices of the cluster, it
was found that the vines treated with V,K;C, had more
cluster weight, berry weight, fruit, and raisins yield than
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other treatments. In the Thomson Seedless cultivar, the
application of calcium chloride in leaves and soil has led
to an increase in berry size and cluster weight compared
with control vines [10]. Also, foliar spraying of Wash-
ington Novell orange trees with 1.00% calcium chloride
increased fruit weight, number, and total yield [4]. Also,
foliar application of calcium, calcium, chelate, and boron
in Valencia orange cultivar significantly increased fruit
weight, number of fruits per tree, and final yield com-
pared with the control [8], which confirmed the findings
of the present study. Berry weight is one of the impor-
tant quantitative indicators in fresh grapes that play an
important role in its quality and marketability. In the
previous study, foliar application of potassium sulfate
increased the weight of berries and finally the weight of
grape clusters [24]. Potassium increases osmotic pressure
and water uptake, carbohydrate metabolism, and assimi-
late transport in the phloem, which in the absence of
potassium, disrupts the transport of substances and their
accumulation in the leaves, leading to lack of allocation
to fruits and weight loss [30]. Application of a combina-
tion of calcium sulfate and zinc sulfate [26], potassium
sulfate [24] in Bidaneh Sefid grapes increased yield and
yield components such as berry weight, number of ber-
ries, and volume of berries. Foliar application of potas-
sium sulfate in grapes increased berry weight, panicle
weight, berry length, fruit sugar, and fruit acidity [48].
Although potassium does not form functional molecules
or plant structures, it is involved in numerous biochemi-
cal and physiological processes critical to plant growth,
yield, and fruit quality [32].

In line with the present results, the use of other hor-
ticultural oils such as soybean oil in grapes [12, 16] and
peaches [17] has reduced yield compared with control
plants, which confirms the results of the present study.
Also Dami and Beam [13] during the study of the effect of
soybean oil on the delay budburst in grapevine, reported
that with increasing the oil concentration, the weight of
the cluster decreases compared with the control, but due
to the thinning properties of soybean oil, the weight of
single berries will be increased.

The amount of berries quality such as TSS, pH, total
phenol, and ascorbic acid in the vines treated with the
second level of potassium sulfate and calcium sulfate
without mineral oil (V,K;C;) showed an increase com-
pared with other treatments. The use of nutrients such
as potassium [24, 35] in grapes and calcium in kiwifruit
[22] has led to an increase in TSS. In orange trees, foliar
application of chelate, calcium, and chelate significantly
increased the TSS and decreased the TA of the fruit com-
pared with the controls [4, 8], which confirms the find-
ings of the present study. The results of foliar spraying of
potassium sulfate in grapes of Crimson Seedless cultivar
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have shown that foliar application effectively reduces
acid content [20]. In Valencia orange cultivar, foliar
application of calcium significantly increased the total
soluble solids and decreased the titratable acidity of the
fruit compared with the control treatment [4, 8], which
confirms the findings of the present study. Based on the
result of the present study, the lowest pH and TSS of fruit
were in the control vines and the vines treated with the
second level of mineral oil alone. In the study of Chay-
ani et al. [12], the lowest berry pH and phenol content
and the highest acid content were obtained with 10.00%
soybean oil treatments, and its combination with naph-
thalene acetic acid and the lowest acid content and the
highest pH were observed in the control and single foliar
application of naphthalene acetic acid. Dormant oils has
an effect on fruit quality, chemical depending on the cli-
matic conditions of the region, time of application and
plant species [13].

It has been reported that the use of soybean oil with
a concentration of 10.00% and naphthalene acetic acid
with concentrations of 1000, 500, and 2000 mg/l on Edel-
weiss grapes did not change the chemical properties of
the fruit compared with the control and only reduced
the berry juice pH [41]. In his study, fruit quality indi-
ces were greatly affected by foliar application, especially
with 10.00% soybean oil. Due to the relatively large effect
of this compound on the delay in bud opening date and
the fact that the fruit of each treatment was harvested on
the same date, the change in fruit quality is probably due
to receiving a different heat unit and affected by the cli-
mate of the region and the type of cultivar and therefore,
the role of oils on berry quality such as phenol content is
not specific [12]. The phenol content in the fruit is more
affected by the amount of maturity and environmental
conditions of the plant. Foliar application of potassium
[35] has increased total phenolics in the fruit, which is
consistent with the results of the present study. Potas-
sium stimulates photosynthetic activity and increases the
transport of sugars to the fruit, which indirectly accumu-
lates sugars in the biology of phenolic compounds during
ripening and is closely related to the presence of carbo-
hydrates in the berries [15]. The increase in total phenol
content observed in this experiment under the influence
of calcium and potassium treatments indicates the key
role of these ions indirectly in the biology of phenolic
compounds.

The highest concentrations of ascorbic acid were related
to plants treated with the second level of potassium sul-
fate and calcium sulfate without mineral oil (V,K,C,). In a
study on grapes, the highest amount of ascorbic acid (3.69
mg/100 g) was found in the vines treated with 1.50% potas-
sium sulfate alone [35]. Also, foliar application of potas-
sium sulfate in Rasheh grape cultivar increased the ascorbic
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acid of seeds [48], which is consistent with the results of the
present study. Ascorbate can enter the tubers by oxidation
of glucose in the tubers or by transfer from the leaves by
the phloem vessels, and sometimes they may even be pro-
duced inside the phloem vessels [30].

The effect of foliar application of potassium sulfate on
Rasheh [48] and Bidaneh Sefid [35] grapevine cultivars
increased soluble solids and dry matter content. The abil-
ity of potassium to accumulate more dry matter is one of
the reasons for increasing the yield of raisins and increasing
the conversion ratio of grapes to raisins in the vines treated
with VK, C,.

Conclusion

Bloom time, berries pea-sized time, and harvest time were
advanced by 5, 4, and 1.50 days, respectively in the vines
treated with a combination of the second level of potas-
sium and calcium (VK;C;) compared with control vines.
Moreover, the vines treated with V,K;C; had higher clus-
ter weight, berry weight, fruit yield, and raisins yield than
other treatments. Also, the highest berry quality, includ-
ing total soluble solids, titratable acidity, and total phenol
content were obtained in the vines treated with V K,C,.
Therefore, the combination of nutrients with mineral oil
can alleviate the adverse effect of mineral oil solely on berry
quality and phenological indices in vineyards.
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