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Aims: The research was carried out to determine the effects of different
boron doses on yield, yield components and quality on 5-6 years old
apricot trees of Mogador variety, which were exposed to water stress in
the Amik Plain in 2019.

Methods and Results: The factorial experimental design was conducted on
apricot trees of Mogador variety, using four doses of foliar boron (ppm) (0-
BO, 150-B150, 225-B225 and 300-B300 ppm) and four irrigation levels
(100%-1100, 75%-175, 50%-150 and 25%-125 of available water holding
capacity) in four replications. Each replication consisted of two apricot
trees. The quantity of irrigation water applied in the experiment ranged
from 179 to 742 mm, while the evapotranspiration varied between 295
and 832 mm during the irrigation season. Irrigation water use efficiency
(IWUE) and water use efficiency (WUE) varied between 3.51-5.18 kg m-3
and 2.89-4.17 kg m-3, respectively. Boron doses did not cause significant
differences in WUE and IWUE values. Each unit increase in crop water use
caused an average yield increase of 16.8 kg ha-1. Relative to the full
irrigation (1100), fruit weight decreased by 13 and 3% in 125 and 150,
respectively, but increased by 2% in 175. Relative to the control group (B0),
fruit weight increased by 2, 4, and 2% with B150, B225, and B300,
respectively. Average fruit size varied between 47.40 (175) and 42.99 mm
(125); total soluble solids (TSS) between 16.13 (1100) and 12.65 (125); and
pH between 3.16 (1100) and 3.30 (I50). The increased boron dose did not
cause a significant difference in fruit size and width. The leaf boron content
increased up to the B225 dose and tended to decrease at the B300 dose.
Conclusions: Boron element provides an increase in yield in deficit
irrigation conditions, the yield increase is higher in fully irrigated apricot
trees. In full irrigation treatment (1100), the B225 treatment was more
effective on the yield.

Significance and Impact of the Study: The boron element is an important
element that causes an increase in photosynthesis by light adsorption.
There is not a lot of research investigating the effects of nutrient elements
to relieve the negative effect of water stress in orchards. This research is
important in terms of revealing the effects of the element boron in water
stress conditions.
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INTRODUCTION

Apricot is an important fruit widely grown, in particular,
in arid semi-arid climates of the world. Globally, the total
apricot yield was on average 7.941 kg ha in 2017. It is
one of the plants with high crop water consumption and
requires 560 m? of irrigation water per hectare during
the irrigation period (April to September) when 980 mm
of evaporation occurs. Though varying regionally, annual
crop water consumption of apricot trees is in the range
of 900-1000 mm (FAO, 2019). Apricots, like most stone
fruit trees, are susceptible to water deficiency
throughout the fruit development period. Water scarcity
causes fruits to shrink and decrease in yield. Preventive
measures are needed to ensure that the plants are
resistant to droughts. Although breeding and genetic
studies about the modification of plants play an
important role in enhancing their water stress
resistance, management practices to increase drought
tolerance in sensitive growth periods of plants have also
become important. Proline applications on leaves to
support its accumulation in the vacuole in the plant cell
(Iba, 2002), silicon applications to reduce transpiration
(Ahmed et al., 2011), and nutrient applications to inhibit
cell degradation (Odemis et al., 2017, Kazgdz Candemir
and Odemis, 2018) can be considered important
research directions to reduce the detrimental effect of
stress conditions.

Boron (B) is an important micronutrient whose
deficiency decreases the absorption and use of
photosynthetically active radiation by leaves. It plays a
role in cell elongation, nucleic acid synthesis, hormone
reactions, and membrane functions. It is used in the
transport of photosynthetic products from leaves to
meristematic organs in the root and green parts, in
ensuring the structural integrity of cell membranes,
nitrogen fixation, nodule formation, and in generative
development (seed and fruit formation), rather than
vegetative growth (leaf and shoot formation). It also
plays a vital role in activities such as cell division, leaf and
flower formation, glucose metabolism, hydrocarbons
and their transport, root development, cell wall
formation, and material transport between two cells.
Although boron is naturally found in the soil, its content
is prone to decrease due to leaching by heavy rainfall in
some regions and some agricultural applications. Boron
deficiency occurs mostly in sandy and acidic soils with
low soil organic matter (Anonymous, 2016a).

Studies about boron have generally focused on the
effects of boron applied from leaf, soil, or leaf + soil on
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yield and quality in soils with a low or insufficient boron
content. Under the sufficient soil moisture with the leaf
boron content of 120 ppm, the quality of pistachio was
found to decrease (Onay et al., 2012). Foliar boron
applications were reported not to adversely affect yield
but leaf length and leaf age, soluble dry matter,
titratable acid, ascorbic acid, total sugar, total phenolic,
and total antioxidant significantly in mandarins (Ullah et
al.,, 2012). Among the boron doses (0, 0.15, 0.30, 0.45
and 0.60 kg da) applied to sugar beet leaves with the
methods of soil, leaf, and soil + leaf, root yield increased
by 5.7 and 7.4%, while sugar yield by 3.8 and 7.3% with
0.30 and 0.45 kg B per da are used based on the soil and
soil + leaf applications, respectively (Gezgin et al., 2007).
Similarly, boron increased hazelnut yield by decreasing
the quantity of empty fruits when applied from the
leaves (0-300-600-900 ppm) and increased the quantity
of healthy fruits when applied from soil (0-5-10-15 g tree
1) (Sahin et al., 2010). Foliar boron application (0, 245,
490, and 735 mg L!) when compared to soil application
(1.5 and 3 kg hal) increased the seed yield in the
reproductive tissues and vegetative parts of sugar beets
by 10% in the first year and 44% in the second year
(Dordas et al., 2007).

Itis yet clear the effect of boron applied on leaves before
the flowering period on the formation of flower bud
under water stress. Our study is therefore aimed to
determine the effect of different boron doses in
preventing the decreased photosynthesis efficiency due
to water stress when carried out via foliar application.

MATERIALS AND METHODS
Materials

Soil, irrigation water and climate characteristics

This experimental study was carried out in an area of
approximately 2 decares (146 m above sea level; 36° 37’
38.77" N latitude and 360 27' 00.20" E longitude) in Amik
Plain district of Hatay province, one of the apricot
cultivation-intensive regions. Apricot trees are at
distances between 5 x 3 rows and above rows and are 'Y’
shaped in the wired cultivation system. The soils of the
trial area carry the chalky and hard ground
characteristics of arid semi-arid climates in terms of pH
and lime (Solmaz, 2019). The physical and chemical
properties and macro and micronutrient contents of the
soil are given in Tables 1 and 2. Irrigation water electrical
conductivity was found 0.682 dS m
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Table 1. Some physical and chemical properties of the soils in the experimental area

Soil depth (cm) Fc Wp As pH ECe oM CaCOs(%) Texture
0-30 23.8 11.9 1.23 7.28 0.15 2.71 4.6 L
30-60 24.2 12.1 1.05 7.2 0.16 2.20 5.2 CL
60-90 24.5 12.3 1.25 7.09 0.18 1.45 43 CL

Fc: Field capacity (% Pw), Wp: wilting point (% Pw), As: bulk density (g cm, ECe: Electrical conductivity of soil

extraction (dS m), OM: Organic matter

(%)

Table 2. Some macro and microelement quantities of the experimental area soils (mg kg™)

Soil depth (cm) P K Mg Ca Fe Zn Mn Cu

0-30 23.2 86.4 364 5860 6.4 0.4 3.0 12.3

30-60 17.6 61.2 326 5420 6.0 0.2 2.8 9.7

60-90 14.2 454 296 4890 53 0.2 2.8 5.1

Limit values 20- 244- 161- 1151- >4.5 0.8- >2 >0.2
40 300 480 3500 2.4

Climatic characteristics of the experimental area for the

was determined as 10.5 °C in 2019-January and the

study period and the long annual climate characteristics highest temperature in August 2018 as 31.0 °C
were given table 3 and table 4. The lowest temperature (Anonymous, 2019b).
Table 3. Climate data for the study period
Climate 2018 2019
parameters Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar  Apr May
Mean temp.(°C) 279 304 31.0 282 222 151 119 105 12,6 14.7 1811 256
Rainfall (mm) 1413 35 32 28 584 76.2 1923 2339 1556 92.2 525 15
Wind speed (m sn) 1.3 1.7 1.8 1.2 1.1 1.1 13 1.5 1.3 14 14 14
Relative humidity (%) 48.4 451 456 481 520 679 748 714 737 66.0 655 465
Table 4. Long-term (2015-2018) climate data for the study region
Climate parameters Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean temp. (°C) 8.4 12.1 15 189 232 27.7 311 311 279 227 154 99
Rainfall (mm) 71.7 422 38 55.3 144 7.5 04 03 9.6 26.5 243 28.38
Wind speed (m sn) 1.1 1.0 1.3 1.2 1.4 1.6 1.8 1.5 1.2 1.0 1.0 1.1
Relative humidity (%) 740 641 62 523 51.7 4577 437 489 49.7 50.2 53.7 68.9

Plant material

In the experiment, Mogador variety apricot (Prunus
armeniaca) trees grafted on Mirobolan plum rootstock
with a planting interval of 5 x 3 m and ages 5 to 6 were
used. Mogador apricot is one of the earliest apricot
(Mikado, Coloroda) varieties for Hatay and has a strong
and semi-flat growing tree structure. The variety has an
early flowering character and is self-fertile as a pollinator
(Anonymous, 2020). Its fruit is 60% red on orange
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background and has a round shape, a balanced taste and
flavor and a maturity date between May 1 and 11.

Irrigation system

Drip irrigation system was used to irrigate the plants.
Drip irrigation laterals (diameter of 20 mm) are arranged
on both sides of the tree. In-line drippers with a dripper

space of 40 cm are used.
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Boron fertilizer

Water soluble 11% boron ethanolamine fertilizer was
used to increase flower bud and fruit set in apricot
plants. Boron ethanolamine is an important
micronutrient and has the ability to be taken quickly by
plants.

Method

Experimental design

The study was conducted according to the factorial
experimental design. The sub-treatments were
composed of boron doses, while the main treatments
were the irrigation levels. To create water stress, the
four irrigation levels were planned in three replications
with two trees in each replication.

Irrigation treatments

The first irrigation was done when 50% of the available
water was consumed. The other irrigation treatments
were that 75% (ls), 50% (lso) and 25% (ls) of full
irrigation (li00) where the water deficit was brought to
the field capacity in a period of 7 to 8 days were applied.

Water quantity missing in the effective root depth (mm)
was converted to a volumetric basis in Equation 1.
I=(dx AxP)/Ea (1)
where I: irrigation water quantity to be applied to the full
irrigation (L), d: irrigation water quantity required (mm),
A: Parcel area (m?), Ea: Water application efficiency
(taken as 0.95), and P: percentage of wetted area (taken
as 35%).

Fertilization treatments

120 kg N, 80 kg P, 160 kg K, 50 kg magnesium nitrate
(Mg(NOs),), 50 kg calcium nitrate (Ca(NOs)2), 10 kg Fe,
and 15 kg organic matter were applied per decar per
year (Table 5). Fertigation method was used in
fertilization (Burt et al.,, 1995). Boron fertilizer was
applied in addition to the fertilizers specified in Table 5.
Boron applications were made on two different dates
(February 25 and March 10) at different levels on each
tree used in the experiment using a ridge sprayer. The
first application was carried out on 25 February 2019 at
100% beginning flowering period. The second
application was carried out on 9 March 2019 during the
flower and fruit formation period

Table.5. Annual conventional fertilization quantity for apricot trees (kg ha™)

Month N P K Ca Mg Fe oM
Feb 20 70 5 5 5
Mar 90 5 10 45 45 5 5
Apr 6 5 100 5 5 5
May 4 40

Jun - - - - - - -
Jul 5

Total 120 80 160 50 50 10 15

OM: Organic matter

In both application periods, there was no adverse
condition that may have decreased the fertilizer
efficiency after fertilization. Boron levels in the
experiment were established as follows:

Bo: foliar boron fertilizer was not applied

Biso: 100 ppm + 50 ppm = 150 ppm foliar boron fertilizer
Ba2s: 150 ppm + 75 ppm = 225 ppm foliar boron fertilizer
B3go: 200 ppm + 100 ppm =300 ppm foliar boron fertilizer

Cultivation practices

Pruning, tillage, spraying, and fertilization processes
were carried out adopting the common cultivation
practices of the region. Both winter and summer pruning
were performed. After the apricot trees yielded, not
much pruning was done. Upon the general examining of
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the trees, diseased, dried, broken, and overlapped
branches preventing the entry of light into the crown
were cut. Since the soil structure of the experimental
area hardened due to the presence of excessive lime,
extra attention was paid not to damage the roots near
the tree during tillage, and deep plowing was avoided.
Due to rainfall, fruit ripening was delayed and the
harvest was carried out on May 4 and 10 while it was
normally done on April 21.

Crop water use

The water use of the trees was calculated with the water

balance equation below (Bos et al., 2009):
ET=1+R+Cr—Dp—Rf£AS (2)

where ET: Evapotranspiration, mm; |; amount of

irrigation water, mm; R; rainfall, mm; Cr; capillary rise,
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mm; Dp; deep percolation, mm; Rf; Runoff, mm; and +
AS; moisture change (mm/90 cm) in the soil profile. Since
the drip irrigation system was used, the runoff (Rf) was
not calculated, while the deep percolation losses (Dp)
were neglected.

Water use efficiency

The yield values obtained from each tree were converted
to the yield collected from an area of one decare. The
WUE and IWUE values were calculated by proportioning
each to the quantity of evapotranspiration and irrigation
water applied (Equation 4 and 5) (Howell et al., 1990):
WUE = Ey/Et (3)
IWUE = Ey/I (4)
where Ey: economic yield, kg ha, Et: crop water use,
mm, and |; amount of irrigation water (mm)

Yield, pomological and fruit quality characteristics:
Fruit Yield (kg ha?)

The total quantity of fruits collected from a decare. Fruit
weight (g): Average weight of a single apricot fruit. Fruit
length (mm): The longest distance between the top
surface of the fruit sepals and the stylus tip. Fruit width
(mm): The largest diameter perpendicular to the fruit
axis. The pH, crude fiber, water and alcohol soluble
extract were determined according to Demir and Ozcan
(2001).Total soluble solids (TSS, %) was determined

Table 6. The results of irrigation water, ET and yield

analyzing juice obtained by squeezing 10 fruits from each
replication using a hand-held refractometer.

Foliar boron (B) analysis

In order to determine the effects of the applications on
the leaf boron concentration, 10 leaves were collected
from each tree for each replication after harvest and
passed through/washed with pure water in the
laboratory. The leaves dried in the oven at 65 °C for a day
were prepared for analysis by crushing with a mortar. In
the analysis, 5-milligram samples prepared for each
replication and measured using ICP (Kacar and Unal,
2008).

Statistical data analysis and evaluation

The results obtained from the irrigation treatments were
evaluated using analysis of variance (ANOVA) with SPSS
14.0. The response means were compared using a
Duncan test (Bek and Efe, 1988).

RESULTS AND DISCUSSION

Irrigation management and crop water use

In the experiment, 11 irrigation applications were
carried out in total between June 3 and October 8 of
2018. 179, 363, 500, and 742 mm irrigation water was
applied to lzs, Iso, 75 and ligo, respectively (Table 6).

. I* Yield WUE IWUE
Irrig. Level Boron Doses (ppm) (mm) ET (mm) (kg ha) (kg m?) (kg m?3)
Bo 287 11333 394 63.3
Biso 294 14222 48.3 79.4
25 179
B22s 301 18000 59.7 100.5
B3oo 298 14444 48.4 80.6
Mean 179 295 14500 49.1 80.9
Bo 457 14444 31.6 39.8
Biso 465 17778 38.2 49.0
Iso 363
B22s 472 22667 48.0 62.5
B3oo 467 19111 40.9 52.7
Mean 363 465 18500 39.8 51.0
Bo 597 16889 28.3 33.8
Biso 606 22667 37.4 45.3
75 500
B22s 607 23111 38.1 46.2
B3oo 596 18444 30.9 36.9
Mean 500 602 20288 33.7 40.6
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Table 6 (continued). The results of irrigation water, ET and yield

Bo 828 20000 24.2 27.0
B1so 832 23333 28.0 31.5

l100 742
B22s 838 28667 34.2 38.7
Bsoo 832 22444 27.0 30.3
Mean 742 832 2361 28.4 31.8
Bo 542 15677 28.9 35.1
Boron Dose B1so 549 19500 35.5 43.7
(Mean) B22s 555 23111 41.7 51.8
B3oo 548 18611 33.9 41.7

*Approximately 81 mm of precipitation was measured from the beginning of the experiment until the harvest date, I:
irrigation water, WUE: water use efficiency, IWUE: irrigation water use efficiency.

Irrigation water requirement for the three irrigation
intervals (7, 14, and 21 days) in the same region was
estimated at 141-562, 145-579, and 139-555 mm in the
first year, 165-660, 147-588, and 150-599 mm in the
second year, and 180 -721, 188-750, and 200-801 mm in
the third year, respectively (Bozkurt et al., 2015). Perez
Pastor et al. (2009) stated that sufficient irrigation water
requirement of about 700 mm for apricot was reduced
by 50% with deficit irrigation and by 57-78% with
regulated deficit irrigation. Overall, irrigation water
requirements were significantly affected by annual
temperature, rainfall, soil structure, and crop type.

The irrigation levels affected ET significantly but the
boron treatments (Table 7). As seen from the table 7, the
highest and lowest crop water use occurred from the
interactions ligo B22s with 838 mm and s Bo with 287
mm, respectively. Annual ET of apricot trees varies
regionally between 900 and 1000 mm (FAO, 2019). Our
results have been confirmed by the previous studies
indicating the relationship between irrigation water level
and the crop water use. It is well established that the ET
for apricot increases in parallel with the amount of
irrigation water applied, and its highest value (661.1
mm) was measured from the treatment when 649.9 mm
of irrigation water was applied (Shalhevet et al., 1979).
At 7, 14, and 21-day irrigation intervals under similar
climatic conditions, evapotranspiration from apricot
trees was determined as 603, 621 and 585 mm in the
first year, 679, 660, and 659 mm in the second year, and
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852, 750, and 801 mm in the third year, respectively
(Bozkurt et al., 2015). To our best knowledge, there has
been no previous studies to compare our results
regarding boron uses.

As seen from table 6, ET fluctuated between By and Bsoo,
which was not statistically significant. However, it could
be speculated that the increase in Boron more than
those used in this experiment would prone to yield
statistically significant results.

Yield

The irrigation levels and boron treatments had separate
significant effects on yields (Table 7). The mean vyield
increased with the increasing water treatment and
therefore the highest yield, 23611 kg ha™, was obtained
from the full irrigation, l1go.

As for Boron, increasing the boron doses did not increase
the yield up to a certain level. The highest yield was
obtained from By (23111 kg ha). After that point was
reached, higher boron doses reduced the increase in
yields dramatically, 18611 kg ha™ for Bsg. Based on By,
the mean yield increase was 24% for Biso, 48% for Byas,
and 19% for Bsgo.

Although there seemed no interaction between
irrigation and boron doses on yield, it could be noticed
that increasing the boron doses with increasing irrigation
level had an emphisased effect on yield. For instance,
yield of l100B225 was found to be higher than the other
irrigation level (28677 kg hal).
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Table 7. Variance analysis table for yield values

Variation Source Sd Sum of Mean of squares F
squares

Irrigation Level 3 51694934.17 17231644.7 312.04**

Boron Doses 3 33972234.17 11324078.1 205.06**

Irrigation LevelxBoron doses 9 3815450.83 423938.9 7.68ns

Error 47 107153792.5

**: p<0.01, ns: not significant, Sd; degree of freedom.

Water use efficiency

The highest water use efficiency (WUE) was obtained
from Is. Compared to li0o, @ 30% reduction in irrigation
water resulted in a 75% increase in WUE of ls. No
significant difference was found in WUE between Iso and
I;s. As for irrigation water use efficiency (IWUE), the
lowest and the highest values were obtained from lioo
(3.18 kg m) and I25 (8.09 kg m™3). A significant difference
(60%) was estimated between s and Isg while the
difference between lsp and l;s was 27%.

In terms of boron doses, the WUE and IWUE estimates
showed a regular increase up to a certain extent (Bzs)
and a decrease afterwards with (Bsgo). Increasing boron
doses caused a 45% increase in WUE up to B.s. Both
WUE and IWUE were higher than those with the other
boron treatments in Bys, where the highest efficiency
was obtained. In terms of the irrigation level-boron dose
interaction, the highest WUE and IWUE were estimated
at 5.97 kgm™ and 10.05 kgm™ for I,5B5s.

The deficit irrigation strategy increased the WUE while
the boron applications caused a lower difference in
WUE. In the arid conditions, WUE seems to be affected
particularly by different strategies in water use (Hassan
and Seif, 1999, Mitchell et al., 1989). Similar results for
WUE were reported when boron applications for cotton
under deficient irrigation was applied (Odemis and
Delice, 2018).

The combine effect of irrigation water and boron doses
on yield

The relationship between irrigation and vyield was
calculated using the following equation : Yield = -
0.001x°+2.56x+1033; r? = 0.99** (n=16). Based on this
equation, the amount of optimum irrigation water
should be 960 mm for maximum vyield. It is well known
that irrigation during flowering and fruit formation
periods are more important than in other periods (Perez
et al.,, 2009), and post-harvest and autumn irrigation
improves flower bud formation and tree structure
before winter (Matuskovic et al., 2002) and therefore
yield.
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In our study, several observations were made as follows.
Firstly, it is clear that increasing the boron dose up to a
certain level (B,zs) increased the yield at every irrigation
level, then a decrease was monitored after that point
(Bs0o). The biggest increase determined for s, Iso, I75s and
lioo at Bo level were about 58.8%, 56.9%, 36.8% and
43.4%, respectively. These results clearly indicated that
boron has a positive effect on apricot yield up to a
certain level.

Secondly, this effect of boron became stronger when the
irrigation level is increased. The highest mean yield
(23611 kg ha) of all irrigation levels were recorded for
l100. The effect of boron appeared to be depending on
irrigation water level. This mechanism is yet to be
explained.

Thirdly, based on the mean yield obtained from I,s, there
were a 27.6% for lso, 39.9% for 75, and 62.8% for l10o. This
means the higher the irrigation water and boron (up to a
certain level) the higher the yield is obtained. In other
words, boron exerted an increasing effect on yield as soil
moisture increases.

Lastly, the highest yield arising from the combine effect
of boron and irrigation level was obtained at li0oB22s
amongst all the treatments. This combination currently
appear to be the optimum for the highest yield.

A significant relationship was determined between ET
and yield as Yield = 16.9x + 9959.9 r? = 0.59 ** (n = 16).
Each unit increase in ET resulted in an average increase
of 16.9 kg ha! in yield. Boron doses were found to have
a significant effect on the linear relationship between
evapotranspiration and vyield. Significant but low
regression coefficients were calculated for Biso and Bsgo
in the relationship between evapotranspiration and yield
while higher regression coefficients were found with Bg
and Bsz2s. According to the equations, a one-unit increase
in crop water use caused an increase by 16.0 kg ha? in
Bo, 17.7 kg hain Biso, 18.9 kg hatin Bzs, and 13.7 kg ha
1 in B3oo.
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Boron dose-yield relationships

Boron doses appeared to increase the apricot yield, but
this increase was not statistically significant (p > 0.05).
The effect of the boron doses on yield at each irrigation
level occurred differently (Figure 1). The boron
application significantly increased vyield with all the
irrigation levels.

Based on 11333 kg ha with B, of 5 (Table 6), the yield
increased by 25% with Biso, by 59% with Ba;s, and by 27%
with Bsgo. With Byss, the yield increased from 11333 to
18000 kg ha. A similar increase rate was observed with
Iso. While the yield with Bo of Isp was measured at 14444
kg ha?, it increased by 23% with Biso, 57% with Bays, and

32% with Bsgo. At l7s, Biso and Bas caused almost the
same increase in yield (34 and 37%). The least effect of
the boron applications on the yield was realized with Bsgo
under lzs. While the yield per decare of l75 Bp was 16889
kg ha’l, it increased only 9% with 175B3o (18444 kg ha?).
The boron doses increased the yield between 12% (Bsoo)
and 43% (B,zs) with the full irrigation treatment (lio0).
Yield for Biso increased by 17% relative to Bo. The boron
applications caused an increase by 9% to 59% in yield
when compared to Bo. Among the boron applications,
the highest contribution to the yield increase was
obtained from Bys.

35000
X1100
o175
30000 . oo
____________ AT25
25000 mmmmmmmTTTTT T ——
—— — %
20000 %--"" e ———— = -
fore] B
Z 15000 @ = T e " -
=T AL L
2 10000 &7
b - — 2
Ips= —0.11x2 + 47.54x + 11091 Izs 0'24’; :J%liix + 16794
2=0_.71ns -
5000 _ 2
Iso = —0.11x2 + 52x + 14156 foo = 70, 18>0 & 90 8% + 19618
0 2 = 0.74ns r -oUNs
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Boron Dose (ppm)

Figure 1. Change in yield as a function of boron and irrigation treatments.

Many studies have been conducted to determine the
relative contributions of plant nutrients to their drought
tolerance as well as to eliminate or mitigate the effects
of stress during drought through nutrients (Hu et al.,,
2008; Garg et al., 2004; Kazgdz Candemir and Odemis,
2018; Li-Na et al., 2005). In the aforementioned studies,
it was aimed to eliminate or mitigate the effects of stress
occurring during drought by means of nutrients. Foliar-
based boron treatments increased the number of
flowers and fruit yield in olive trees (Gindesli, 2005) and
plant height, spike length, grain number in the spike,
grain weight in the spike, and grain yield in wheat (Bilir,
2020). They caused the protein and fatty acid content of
the plant seed to change in soybean (Bellaloui et al.,
2013). Dogan et al. (2013) found that boron application
under drought stress increased the amount of
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chlorophyll and proline but did not significantly change
the amount of MDA. Also, some studies indicated that
the application of boron 30 days after germination had
no effect on yield (Seidel et al., 2015).

Pomological and fruit quality characteristics

Fruit weight increased depending on irrigation levels.
The highest fruit weight was measured on l;s treatment
(62.11 g) (Table 8). Based on l1go treatment, fruit weight
decreased by 13% for I,s and 3% for Iso, while it increased
by 2% for l;s. Increasing boron doses differed slightly in
fruit weight (p>0.05). Fruit weight at Bo, B1so, B22s and Bsoo
doses was determined as 57.19 g, 58.26 g, 60.33 g and
59.31 g, respectively. Based on By, fruit weight increased
by 2%, 4% and 2% in Biso, Bys and Bsgo treatments,
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respectively. As the irrigation levels increased, the effect
of boron doses on fruit weight decreased.

Irrigation levels and boron doses do not have significant
effect on fruit width (p>0.05) (Table 9). Fruit width varied
between 44.06 mm (li00) and 41.98 mm (l;s) and these
values were approximately the same in Isp and Iss
treatment (42.88 mm and 42.44 mm).

Fruit size were affected by irrigation levels and irrigation
levels x boron dose interaction. The highest and lowest
fruit size were measured from lss (47.40 mm) and Is
(42.99 mm) treatments and it increased up to 48.92 mm
in I7s. Boron doses did not affect fruit size. While fruit

sizes were at the same level in I3sBiso and IsoBiso
treatment, it increased 20% and 15% in I75sB1so and lioo
Biso treatment, respectively.

Total soluable solids (TSS) were affected statistically at p
<0.01 level from both applications and interactions. TSS
ranged from 12.65 (ls) to 16.13 (lzs). Based on Iy
treatment, TSS increased by about 35% in lss. In the Biso
and By;s (13.87-13.97) and the Bo and Bsg doses, TSS were
measured at approximately the same level (15.95-15.21).
When the interaction effect was examined, the highest
TSS was found in ls Bg (15.60%). TSS increased

Table 8. Fruit quality and pomological properties of apricots fruits

Irr. Bor Fruit Fruit Fruit TSS pH Leaf Boron
Level Dose weight width Lenght % Conc. mg kg
(ppm)
Bo 47.51 43.30 46.31 15.60 3.15 41.54
Biso 56.33 41.29 40.96 11.02 3.28 38.27
25 Bazs 59.91 43.18 42.17 11.80 3.22 41.25
Bsoo 50.54 40.18 42.53 12.20 3.35 38.91
Mean 53.57 41.98 42.99 12.66 3.25 39.99
Bo 50.53 44.00 46.41 16.00 3.29 38.98
Biso 59.63 40.80 40.29 12.42 3.33 41.16
Iso Baz2s 60.50 41.38 45.57 12.93 3.24 45.36
Bsoo 64.17 45.36 47.91 16.27 3.35 43.61
Mean 58.71 42.89 45.05 14.41 3.30 42.28
Bo 68.19 38.55 46.49 15.40 3.29 40.06
Biso 58.25 46.13 49.63 16.27 3.27 43.37
75 B22s 60.16 43.46 46.24 16.29 3.25 41.54
Bsoo 61.85 41.62 47.25 16.56 3.18 43.59
Mean 62.11 42.44 47.40 16.13 3.25 42.14
Bo 62.55 44.27 46.39 16.80 3.18 39.85
Biso 58.86 44.68 47.02 15.80 3.17 40.90
l100 B22s 60.78 43.60 45.72 14.87 3.10 48.00
Bsoo 60.67 43.70 46.82 15.83 3.18 48.09
Mean 60.72 44.06 46.49 15.82 3.16 44.21
Bo 57.20 42.53 46.40 15.95 3.23 40.11
Biso 58.27 43.22 44.48 13.88 3.26 40.93
Mean B22s 60.34 42.91 44.93 13.97 3.20 44.04
Bsoo 59.31 42.72 46.13 15.21 3.27 43.55
Mean 58.78 42.84 45.48 14.75 3.24 42.15

TSS: Total soluable solids until I7s treatment at irrigation levels at all boron doses except irrigation levels of Bg dose

and decreased relatively in l1go.

It is shown that, fruit juice acidity (pH) and sugar content
increase and fruit quality deteriorates as the amount of
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irrigation water applied decreases (Chartzoulakis, 1999).
In our experiment, the pH varied between 3.16 (l100) 3.30
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(Iso) at irrigation levels and 3.20 (B22s) and 3.27 (Bsoo) at
boron doses. The pH in Izs and I7s and By and Bisp was
measured at approximately the same level. When
interacting effects were examined, pH values increased

relatively with increasing boron doses. While pH
increased at lsp irrigation level in Bisp dose, it was
measured at the lowest value in l1go.

Table 9. Variance analysis results of fruit quality and pomological properties of apricots fruits

Fruit Source of
Charac. Variation Sd 35 MS F
| 3 503.72 167.91 6.126%*
Fruit B 3 65.72 21.91 0.799 &d
Weight
(@ IXB 9 705.37 78.37 2.859%*
Error 47 2151.94
, | 3 28.58 9.53 1.086 6d
Fruit B 3 3.15 1.05 0.120 &d
Width IXB 9 153.19 17.02 1.940 6d
(mm) Error 47 465.66
it | 3 133.13 44.38 6.658**
B 3 30.99 10.33 1.550 6d
Lenght IxB 9 140.47 15.61 2.342*
(mm) Error 47 517.87
| 3 90.77 30.26 54.909**
Tss B 3 36.25 12.08 21.926%*
(%) IXB 9 44.85 4.98 9.044%*
Error 47 189.51
| 3 0.13 0.04 10.725%**
B 3 0.03 0.01 2.770 6d
pH IXB 9 0.09 0.01 2.500*
Error 47 0.37
Leaf | 3 106.99 35.66 4.807%*
Boron B 3 134.40 44.80 6.038**
Conc. IXB 9 163.06 18.12 2.442%
(mg kg?) Error 47 641.87

I: Irrigation Level, B, Boron doses, **: p<0.05 significant level, ns: non significant, df: degree of freedom SS: Sum of

squares, MS: Mean square, TSS: Total soluable solids.

The most stable change in irrigation level x boron dose
interaction was observed at ls irrigation level. The highest
and lowest pH of ls;s irrigation level was measured
between Bg- B3oo. In |10, it Was observed that the pH values
followed a decreasing trend in the Bo-B2s range, but
increased again in the Bspo dose. When evaluated in
general, the pH values were not significantly affected by
the boron doses of irrigation treatments, except for Izs.

When the flowering rate of the apricot reaches 80% and
the petal fall stage, foliar boron was applied to the canopy.
In leaf samples taken 15-20 days after harvest, the boron
content in the leaves was determined depending on the
irrigation levels and the applied boron doses. The effects
of the foliar application of boron were found to be
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statistically significant.

As the amount of irrigation water increased during the
flowering period, the efficiency of boron fertilizer
increased (Figure 1). The lowest and highest leaf boron
contents in irrigation treatment were measured in I
(39.99 mg kg-1) and l100 (44.20 mg kg?). In Isp and I7s, the
leaf boron content was approximately the same (42.28 mg
kg-42.14 mg kg). When compared with the By dose, it
was determined that the leaf boron content increased
approximately 10% in the Bys.

In jrrigation level x boron dose interactions, leaf boron
contents were determined at the same level in 5B and
I5B22s and I2sBisp and 12sBsge treatment. Leaf boron
content increased from IsoBo to IsoB22s at the Iso irrigation
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level and decreased again for lsoB3sg. Boron doses were
not cause a significant difference in leaf boron content
in 75, but resutlted in a linear increase in ligo. The lowest
and highest leaf boron content was measured as 39.84
and 48.09 mg kg? in l100Bo-1100B300 treatment. Compared
to other irrigation levels, the most unstable trend was in
the boron treatments of the Iy irrigation level. It was
observed that the leaf boron contents increased with
boron application in all treatment except |,5Bo.

In conclusion, in this study, it was determined that
although the boron element provides anincrease in yield
in deficit irrigation conditions, the yield increase is higher
in fully irrigated apricot trees. In full irrigation treatment
(l100), the Baas treatment was more effective on the yield.
Polynomial trend was determined between the yield and
the boron dose in the fully irrigated treatment, and it
was determined that the application of boron more than
225 ppm did not increase the yield, but decreased it.
Considering that the soil boron content was insufficient
in the area where the experiment was conducted, it
could be expected that it would have an effect on
increasing light adsorption even slightly below the field
capacity (at low water stress). Since the reliability of one-
year results in fruit trees is controversial, such studies
should be at least three years old and one-year studies
should be evaluated as a preliminary data.

OzZET

Amag: Arastirma, 2019 yilinda Amik Ovasinda su stresine
maruz birakilan 5-6 vyasli Mogador cesidi kayisi
agaclarinda farkli bor dozu uygulamalarinin verim, verim
bilesenleri ve kalite Uzerine olan etkileri belirlemek
amaciyla ylraGtalmastar.

Yéntem ve Bulgular: Arastirma Mogador ¢esidi kayisi
agaclarinda, yapraktan uygulanacak tanik konusu (BO)
disinda 3 farkli dozda yapraktan bor B150 (150 ppm),
B225 (225 ppm) B300 (300 ppm), elverisli kapasitenin 4
farkl sulama diizeyinde 1100, 175, 150 ve 125, 4 tekerrurlQ
olarak yarGtUlmustir. Her tekerrlir 6 siradan
olusturulmustur. Denemede uygulanan sulama suyu
miktari 179 mm ile 742 mm, bitki su tiketimleri 295 mm
ile 832 mm arasinda gerceklesmistir. Sulama ve su
kullanma randimanlari 3.51-5.18 kg m-3 ile 2.89-4.17 kg
m-3 arasinda degismistir. Bor dozlart WUE ve IWUE
degerlerinde anlaml farklara neden olmamustir. Bitki su
tiketimindeki her birim artis verimde agag¢ basina
ortalama 16.8 kg ha-1‘lik artisa neden olmustur. Tam
sulama konusu 1100 esas alindiginda meyve agirligi 125
ve 150 konularinda sirasiyla %13 ve %3 azalirken, 175
konusunda %2 artmistir. BO konusu esas alindiginda ise
meyve agirhigi B150, B225, B300 konularinda %2, %4 ve
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%2 oraninda arttigl gézlenmistir. Sulama diizeylerinde
ortalama meyve boyu degeri 47.40 mm (I75) ve 42.99
mm (I125); suda ¢ozlnebilir kuru madde miktari (TSS)
degerleri 16.13 (1100) ve 12.65 (125) ile; pH degerleri ise
3.16 (1100) ve 3.30 (I50) arasinda gergeklesmistir. Bor
dozlarindaki artis meyve boyunda ve meyve eninde
anlamli bir farkliiga neden olmamistir. Yaprak bor icerigi
B225 dozuna kadar artmis B300 dozunda ise azalma
egilimi gostermistir.

Genel Yorum: Bor elementi kisitli sulama kosullarinda
verim artisi saglarken, tam sulanan kayisi agaclarinda
verim artisi daha fazladir. Tam sulama uygulamasinda
(1100), B225 uygulamasi verim (zerinde daha etkili
olmustur.

Calismanin Onemi ve Etkisi: Bor elementi 1sik
adsorpsiyonu ile fotosentezin artmasina neden olan
onemli bir elementtir. Meyve bahgelerinde su stresinin
olumsuz etkisini gidermek icin besin elementlerinin
etkilerini arastiran ¢ok fazla arastirma bulunmamaktdir.
Bu arastirma bor elementinin su stresi kosullarinda
etkilerini ortaya koymasi acisindan dnemlidir.

Anahtar Kelimeler: Kayisi, su kisiti, yapraktan bor
uygulamasi, bitki su tiketimi, su kullanma randimani.
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