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regime of leaves (the content of total, available, and inaccessible moisture)
of pear varieties Konferentsia and Osnovianska on vegetative rootstock
Quince A grown using optimised fertiliser in nonirrigated plantations. The
study was conducted in 2011 and 2018 in a certified educational and
research laboratory of the Uman National University of Horticulture. It was
found that during the age periods of growth and fruiting,there was a change
in the total water content in the pear leaves of the studied varieties. Leaves
from pear trees of the Konferentsia variety had a higher water content
compared to the Osnovianska variety. Fertiliser options increased the total
water content in the leaves, which had a positive effect on the condition of
the trees. It was found that at the beginning of the growing season, the free
water content in the leaves of pear varieties Konferentsia and Osnovianska
was higher, while it significantly decreased in the middle of the season.
The bound water content was higher in all studied options. Under stressful
situations (drought, temperature increase), fertiliser application had a
positive effect on the water content in the leaves of both studied pear
varieties. The practical significance of the study is to recommend the
production of a rational fertiliser system for nonirrigated pear plantations
in different age periods of growth and fruiting, which positively affected
the water content in leaves and the fractional composition of water during
stressful periods of cultivation
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INTRODUCTION

The water content in the plant tissues indicates their
moisture supply. It is an important indicator of the physi-
ological state of the plant and is of great importance in
the comparative assessment of their cultivation mea-
sures that increase productivity. One of these measures
is rational fertilisation of plantings, which determines
the relevance of the study. The water in the leaf tissues is
in a free and bound state. This characterises the water
balance of the leaves and determines its correspond-
ing physiological significance. Free water determines
the physiological activity of fruit plants and deter-
mines the level of viability. Bound water, which plays a
structure-forming role, is of great importance at crit-
ical (drought, high temperatures) moments of growing
plantings [1-3].

The ratio of bound water to free water can be
one of the physiological features indicating the degree
of activity of physiological processes in the plant: the
predominance of bound water slows down growth pro-
cesses, and the content of free water, on the contrary,
accelerates them [4; 5]. The amount of bound water and
its ratio to free water varies depending on the age of
the tree, water supply, air and soil temperature [6]. The
leaf cover of fruit trees is the main structural element
of photosynthesis. The level of productivity of plantings
depends on its features of life activity in the future [4-7].

In recent years, there has been a change in climatic
conditions, in particular, the air temperature rises and
the amount of precipitation decreases during the main
periods of plant vegetation. Climate change factors are
mainly biotic processes, fluctuations in solar radiation,
and certain types of human activity [8]. One of the most
pressing problems is the drought. Air drought limits the
normal growth and high productivity of cultivated plants.
It also negatively affects photosynthesis, reducing the
generation of chlorophyll grains in leaves and the as-
similation of nutrients [9-11]. Stressful phenomena re-
duce the turgor of plant cells, which negatively affects
the passage of biochemical and physiological processes
in the plant [12; 13]. Under such conditions, one of the
most effective ways to reduce stress is to use a rational
system of fertilising plants, especially in nonirrigated
plantations [14-16].

The purpose of the study is to establish the effect
of optimised fertilisation of pear trees on leaf water
content and fractional composition (free, bound) of water
during stressful growing periods.

MATERIALS AND METHODS

Studies were conducted in 2011 and 2018 in a certified
educational and research laboratory for optimising soil
fertility in fruit and vegetable plantations with the sta-
tus of a research laboratory for mass analysis of the
Uman National University of Horticulture.An experiment
included variants of optimised fertilisation of a pear
garden with Konferentsia and Osnovianska varieties on
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a vegetative rootstock Quince A planted according to
the 5x3 m scheme. Experimental plantings were not
irrigated.

The experimental design included the follow-
ing options: 1. Without fertiliser (absolute control);
2. N,,P, K, (production control); 3. calculated fertiliser
rates (background); 4.Background + N, ; 5.Background +
N,.K,,; 6.Background + N, P, K, . The options were laid
down in three repetitions with a randomised placement
of plots, each of which grows five accounting trees. When
laying the experiment, the level of soil supply with ni-
trate nitrogen (by nitrification ability) was insufficient
(N-NO, content in the 0-40 cm layer was 16.5 mg/kg of
soil,which is less than the optimal level (23.5 mg/kg) by
7 mg/kg). The soil supply with mobile phosphorus com-
pounds was higher, and potassium forms were within
the optimal level in the layer of 0-60 cm (P,Oh, content
was 166 mg/kg at an optimal rate of 70-100 mg/kg and
K,O - 250 mg/kg with an optimal 230-280 mg/kg of soil).
To create an optimal background of nitrogen nutrition,
according to the indicators of agrochemical analyses, the
norm of only nitrogen fertiliser was calculated to bring
the N-NO, content in the soil to the optimal level. Further,
the soil in the experiment was analysed annually and
based on the results of the analyses, the norms of nitro-
gen fertiliser were calculated to maintain the optimal
N-NO, content in the root layer of the soil (0-40 cm).
The amount of K,0, which was applied with potash fer-
tiliser, was designed to maintain its optimal content in
the soil for a 3-4-year period.

The total moisture in the leaf was determined
by the thermogravimetric method [17] by drying it in
a drying cabinet at a temperature of 100-105°C to a
constant weight. Washed glass weighing cups with an
open lid were pre-dried in a drying cabinet at a tem-
perature of 105°C, cooled and weighed on an analytical
scale with an accuracy of 0.01 g. Then 15-20 g of fresh
leaf clippings were added into the weighing cup and
weighed. Weighing cups with an open lid were placed
in a drying cabinet and the leaves were dried first at a
temperature of 50-60°C (4-5 hours), and then at 100-
105°C (4-6 hours). After drying, the weighting cup was
covered with a lid, cooled, and weighed. This procedure
was repeated to a constant weight (the difference be-
tween the two weighings should not exceed 0.02 g).
The moisture content (Y), as a percentage of dry weight,
was calculated by the equation (1):

_ (a—b)*100
- m

Y (1)
where a - weight of the weighting cup with leaves be-
fore drying, G; b - weight of the weighting cup with
leaves after drying, G; m — weight of the weighing batch
after drying, g; 100 - for conversion to percentages.
Determination of bound water was carried out
by the refractometric method [18], placing a weighing




batch of leaves in a sucrose solution of a known concen-
tration. After the weighing batch stayed in such a solu-
tion, its concentration decreased due to the release of
free water from the leaves. Bound water is firmly held in
the cell and was calculated from the difference between
the total amount of water and free water that passed
into the sucrose solution. The 10 g weighing batch of
leaf clippings was filled into 100 cm? flasks, in which
25 c¢cm? of sucrose solution were added (25% concen-
tration). Flasks with the solution were pre-weighed on
analytical scales, and after adding the leaves, they were
weighed again for the reliability of weighing batch and
solution. Next, the material with the filled solution was
kept in flasks for two hours. At the end of the prescribed
time, the contents of the flask were mixed with a glass
stick and several drops were taken to determine the su-
crose concentration on a refractometer.

The amount of free water as a percentage (x) was
determined by the equation (2):

100 *(a—b)*v
a b*xn

(2)
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where a - percentage of sucrose in solution (before de-
termination); b — percentage of sucrose in the exper-
imental solution after holding the weighing batch in
it; v - weight of the solution before analysis (G); m -
weighing batch of the studied material.

Describing the weather conditions that prevailed
during the surveys, it is worth noting that in 2011, the
amount of precipitation in June exceeded the long-term
data by 42.2 mm, while in August it was 8.6 mm less
(Fig.1).In 2018, there was a lack of moisture in the study
months, respectively, by 4.6 and 56.4 mm, which further
affected the fractional composition of pear leaves. The
temperature regime in 2011 in June and August was
higher than the annual average. The excess temperature
in June and August was 2.1 and 0.7°C, respectively (Fig. 2).
The summer months in 2018 were hotter. The excess of
the average annual temperature in June was 2.6, while
in August - 3.9°C. Fluctuations in climatic indicators
over the years of study have had different effects on
the total water content and its fractional composition
in pear leaves due to different fertilisation of plantings.
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Figure 1. Deviation of average monthly temperatures (a) and precipitation (b) from long-term data
in 2011 and 2018 (data from the Uman weather station)
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RESULTS AND DISCUSSION
Studies have established that the total moisture con-
tent in pear leaves differed by age periods of cultivation
and experimental varieties. There was also a decrease
in the total water content in the leaves of experimental
pear varieties during the growing season (Table 1). During
the period of growth and fruiting (2011) in June, under ex-
cellent climatic conditions and active growth of biomass
by young trees, the leaves of the Konferentsia variety were
characterised by a significantly higher water content

compared to Osnovianska variety. Among the fertiliser
options, more moisture in the leaves was in the option
with an additional application of N, K, against the
background of optimised fertiliser, where the excess of
control options for the Konferentsia variety was 2.2 and
0.6%, respectively, while for the Osnovianska variety - 1.8
and 0.4%. No significant differences in fertiliser options
were found, which was obviously conditioned by the
equally active increase in biomass.

Table 1. Total water content in pear leaves depending on the optimised fertiliser, %

Periods
Varie Fertiliser Growth and fructification Fructification and growth
ty option 2011 2018
VI* Vil Vi VI
Without fertiliser (control) 58.9 57.1 57.7 51.0
NyoPoKgo (Production control) 60.5 594 58.9 52,6
Calculated fertiliser rates (background) 60.0 59.0 58.3 51.4
Konferentsia
Background + N, 59.7 59.1 56.8 51.7
Background + N, K, 61.1 60.0 59.1 53.0
Background + N, P, K./ 60.7 59.5 58.9 52.3
Without fertiliser (control) 57.5 56.0 54.0 50.8
NyoP oKy (production control) 58.9 57.8 55.8 51.2
Calculated fertiliser rates (background) 58.7 57.1 55.8 52.0
Osnovianska
Background + N, 58.9 58.0 55.6 524
Background + N, K., 59.3 58.2 56.0 52.4
Background + N, P, K., 58.9 57.9 55.6 51.6
LSD,, 1.3 1.3 1.1 0.8
Notes: *Sampling time (months)
1 2
AB
2%

Figure 2. Influence of factors and their interaction on the water content in pear leaves depending
on the variety and fertiliser in 2011
Notes: A - rootstock; B - fertiliser; AB - interaction; 1 - June; 2 - August

In August, there was a decrease in moisture in all
fertiliser options of the studied varieties. All fertiliser
options had a significantly higher moisture content com-
pared to the control, with the exception of the option with
the calculated application of fertilisers in Osnovianska
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variety. The leaves of the Konferentsia variety had a higher
moisture content compared to Osnovianska, although this
increase was not significant.

According to the data of the variance analysis
(Fig. 2) on the moisture content in the leaves in June,




the influence of factors was almost at the same level -
factor A - 28%, factor B - 22%. In August, there was a
noticeable effect of fertiliser (factor B) - 42% and a de-
crease in the influence of the variety (factor A) to 35%.

During the growth and fruiting period (2018), a
similar trend was observed regarding changes in leaf
moisture during the growing season.The June was char-
acterised by close to the average annual climate data
and the moisture content in pear leaves in the studied
fertiliser options ranged from 54.0-59.1%. Describing the
varieties among themselves, the leaf moisture content
in Konferentsia trees was significantly higher by 3.7%
with LSD,=1.1. There is also the highest leaf humidity
in both varieties in the background + N, K, option.

In August, due to the drought, the moisture con-
tent in the leaves of the studied pear trees significantly
decreased compared to June. Among the studied fertiliser

1 AB Other

6% 99,
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options in trees of the Konferentsia variety, the moisture
content in leaves in the background + N, K, , N, P, K -
and background + N, P, K, options was significantly
higher compared to the control, where the excess of
controlwas 2.0,1.6,and 1.3%.Leaves of the Osnovianska
variety were characterised by a significantly higher mois-
ture content in the areas of options where calculated
fertiliser rates were applied and additionally - N, and
N, K,,. Excess in control (without fertilisers) was 1.2
and 1.6%, while in production control - 0.8 and 1.2%.
According to the data of the variance analysis
(Fig. 3) the moisture content in the leaves was highly
influenced by the variety (factor A) - 71%, the fertiliser
effect (factor B) was 14%, and their interaction - 11%.In
August, there was a noticeable effect of fertiliser (factor
B) - 48% and a decrease in the influence of the variety

(factor A) to 4%. The interaction of factors was 23%.

2 A

Other

Figure 3. Influence of factors and their interaction on the water content in pear leaves depending
on the variety and fertiliser in 2018
Notes: A - rootstock; B - fertiliser; AB - interaction; 1 - June; 2 - August

During two age periods of pear trees of the Konfer-
entsia and Osnovianska varieties (Table 2) when using
the studied fertiliser options in leaves with changes in
soil moisture and age of plantings, water forms were

redistributed within the options, in particular, there was
an increase in free and a decrease in bound water. This
is confirmed by other researchers [1; 2; 6].

Table 1. Influence of the variety and optimised fertiliser on the state (fractional composition)
of water in the leaves of pear trees, %

Periods
Variety Ferti!iser Growth and fructification 2011 Fructification and growth 2018
option Free Bound Free Bound
VI* VIII VI VI VI Vil VI VIl
Without fertiliser (control) 23.6 18.2 353 38.9 19.3 10.7 38.4 40.3
NyoP,oKs, (Production control) 227 177 378 417 213 107 376 419
Konferentsia Calculated fertiliser rates (background) 22.2 16.8 37.8 42.2 20.5 10.7 37.8 40.7
Background + N, 22.0 16.9 37.7 422 21.0 10.1 35.8 416
Background + N, K,/ 224 174 38.7 42.6 213 10.7 37.8 423
Background + N, P, K, 22,6 17.7 38.1 41.8 21.2 10.8 37.7 415
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Table 1, Continued

Periods
Variety Fertl!lser
option Free Bound Free Bound
VI Vi VI* Vil VI* Vi VI* VIl
Without fertiliser (control) 221 171 354 38.9 20.8 10.7 33.2 40.1
Ny,P,oKs, (Production control) 22.1 17.3 36.8 40.5 212 10.6 34.6 40.6
Calculated fertiliser rates (background) 22.6 177 36.1 394 214 10.7 344 413
Osnovianska
Background + N, 222 174 36.7 40.6 21.2 10.8 34.4 416
Background + N, K., 220 16.9 373 413 21.6 10.1 344 423
Background + N, P, K./ 223 17.5 36.6 40.4 21.6 10.9 34.0 40.7
LSD 0.5 0.3 0.7 0.8 0.4 0.2 0.7 0.8

05

Notes: *Sampling time (months)

During the period of growth and fruiting (2011)
in June, when the amount of precipitation exceeded the
annual average by 48.3%, young leaves retained mois-
ture and a higher content of free water, which positively
affected the growth and development of trees. At the
same time, a higher content of free water was observed
in trees of the Konferentsia variety in the areas of ab-
solute and production control and when applying full
mineral fertiliser against the background of optimised
nutrition of 58.9%. In August, there was some lack of
moisture (15% less precipitation), which affected a de-
crease in free water and an increase in bound water. For
trees of the Konferentsia variety, it was most significant
in control at 18.2, and for the Osnovianska variety - in
the option with estimated fertiliser rates of 17.7%. The
background + N, K, option was characterised by the
largest amount of bound water. During the period of
fruiting and growth (2018) in June, when the amount
of precipitation and air temperature of free water in
the leaves of both varieties were close to optimal, ac-
cording to the studied options, it was in the range
of 19.3-21.6%. A significant increase was noted in the
Osnovianska variety compared to the Konferentsia. In
August, when precipitation was 23 times less than the
annual average and the air temperature increased by
3.9°C, there was a significant decrease in the free water
content and an increase in bound water in all fertilised
options of both experimental varieties, which positively
affected the water content in the leaves,and among the
fertiliser options, the best result was obtained in the
background + N option - 42.3%.

30K3O

CONCLUSIONS

During the age periods of growth and fruiting, the total
water content in pear leaves in nonirrigated plantings
changed. Leaves from pear trees of the Konferentsia va-
riety had a higher water content compared to the Os-
novianska variety. At the young age of trees (the period
of growth and fruiting) in the month of June, additional
application of N, K, - against the background of optimised
fertiliser, it contributed to an increase in moisture in the
leaves, compared to the control, in the Konferentsia variety
by 2.2% and 0.6%, while in the Osnovianska variety -
1.8% and 0.4%. In August, all fertiliser options had a
significantly higher moisture content compared to the
control, with the exception of the option with the calcu-
lated application of fertilisers in Osnovianska varieties.

During the growth and fruiting period in August,
due to the drought, the moisture content in the leaves
of the studied pear trees significantly decreased. Under
such conditions, the Konferentsia variety had a significant
increase in leaf moisture in the background + N, K.,
N,oP.Kq, @and background + N, P. K. ~options, where the
excess of control was 2.0, 1.6% and 1.3%. Leaves of the
Osnovianska variety had a significantly higher content in
the options where the calculated fertiliser rates were ap-
plied + additional N,, and N, K, . It was found that at the
beginning of the growing season, the free water content in
the leaves of pear varieties Konferentsia and Osnovianska
was higher, while in the middle it significantly decreased.
The bound water content was higher in all studied op-
tions. Under stressful situations (drought, rising tempera-
tures), fertiliser application had a positive effect on the
water content in the leaves of both studied pear varieties.
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3aranbHum i paKuUinHMA cKap BOAU B NUCTI rpyLui
3aNe)XHo Bif ONTUMi30BaHOro yao6peHHs

PomaH BonogumupoBuy ikoBeHKO

YMaHCbKMM HaLiOHaNbHUI YHIBEPCUTET CaAiBHMLTBA
20305. Byn. IHCTUTYTCBKA, 1, M. YMaHb, YkpaiHa

AHoTauisn. BMicT Bogy y TKAHMHAX € BaX/IMBUM MOKA3HUKOM (i3i0Nn0oriYHOro CTaHy poCIMHU Ta MAE BENUKE 3HAYEHHS Npu
MOPIBHSAMbHINM OLHLi 3aX0AiB iX BUPOLLYBAHHS, 9Ki MiABULLYIOTb BPOXaAMHICTb. OQHMM i3 TaKMX 3aX0A4iB € paLjioHanbHe
yO0OpEeHHS HAacaaKeHb, LLLO 1M BU3HAYa€E aKTyaslbHiCTb OCiAXeHb. MeTo HaykoBoi poboTK Byno BCTaHOBNEHHS BMIMBY
OMTMMI30BAHOIO YA0OpEeHHs AepeB rpywi Ha 0OBOAHEHICTb INCTA Ta dpaKLUiiHWMIA CKNaL BOAM Yy CTPECOBi nepioau
BMpoOLLYBaHHS. OOHIE 3 KPUTUUHMX NPOBAEM € NOCYXa, WO HEraTUBHO BIJIMBAE HA PIiCT i NPOAYKTUBHICTb HACAAXKEHD.
3a TaKMX YMOB 3MEHLLYETbCS TYProp POCMHHUX KNITUH i YNOBINIbHIOETLCS NPOXOIKEHHS BioXiMiuHMX Ta di3ionoriyHmx
NpOLeCiB Y pOCAMHI. Y CTATTi PO3rNa4atoThCs pe3ybTaTi BUBYEHHS BOGHOIO PEXMMY JIMCTS (BMICT 3arafibHOi, AOCTYMHOI
Ta HeLoCTynHOI Bonoru) rpywi coptis KoHdepeHuis Ta OCHOBAHCbKA Ha BereTaTuBHIM AlMBa A nmigLeni, BUPOLLYBaHOI
Ha POHax ONTMMI30BAHOrO YA0OPEHHS B HE3POLUYBaHMX HacamkeHHsX. JocnimpkeHHs nposoamnuch y 2011 i 2018 pp.
y cepTndikoBaHil HaBYaNbHO-AOCNIAHIA NabopaTtopii 3 oNTUMI3aLii poaYOCTi FPYHTY B MIOAOSATIAHUX HACALXKEHHAX
3i cTaTycoM HaykoBoi nabopaTopii MacoBux aHanisis YMaHcbkoro HYC. BctaHoBNEHO, WO NpOTAroM BikOBMX Nepiofis
poCTy i MNOLOHOLWEHHS BifbyBanacs 3MiHa BMICTy 3aranbHOi BOAM B JIMCTI rpyLi AOCNILKYBaHMX coOpTiB. Jlnucra 3
nepes rpywi copty KoHdepeHLis Mano BULWuMIA BMICT BOAM, IK NOPiBHATK 3 copToM OcHOBSHCbKA. BapiaHTu yoobpeHHs
niABWLLYBaNM 3arafbHUM BMICT BOAM B JINCTI, LWLO MO3UTMBHO BMIMBANO Ha CTaH AepeB. 31COBAHO, WO Ha MOYaTKy
BereTawii BMiCT BinbHOi BoAM B ICTi rpywwi copTiB KoHdepeHLis i OcHoBSHCbKa 6yB 6inbLuniA, TOLI SIK Y CEpeanHi 3HAYHO
3MeHLYyeTbca. BMicT 38913aH0i Boau 6yB BULWMM Yy BCiX OOCNIAXKYBaHWX BapiaHTax. 3a CTPECOBMX CUTyaLin (Mocyxa,
NiABULLEHHS TeMnepaTypu) BHECEHHS AOOPMB MO3UTMBHO BM/IMHYNO Ha OOBOAHEHICTb IMCTS 060X AOCNILKYBaHMX
CopTiB rpywi. [pakTMYHa UiHHICTb HayKoBOi poboTV Nonsdrae y pekomeHaauii BUpOOHMLUTBY paLioHasbHOI CUCTEMM
yO0bpeHHs HEe3POLLYBAaHUX HAaCaAXKeHb rPyLUi B Pi3Hi BiKOBi Nepioau pocTy i NIOAOHOLLEHHS, iKa NO3UTUBHO BM/IMBaNa
Ha 06BOJHEHICTb IMCTA Ta QPAKLiMHUIA CKNaL BOAM Y CTPECOBI NEPioan BUPOLLYBAHHS
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