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Abstract

This study deals with the best responses of a diverse collection of grapevine genotypes to osmotic stress
associated with source-sink balance responses given by an estimator such as leaf area to fruit ratio. ‘Centennial
Seedless’, a drought tolerant cultivar, was selected as control. The cultivars, ‘Victoria’ and ‘Argessis’, were
chosen as a repetition from previous research dealing with pollen grain test, two years ago. Ten genotypes were
hybrid elites in first and second hybrid generations. Three cultivars “Victoria’, ‘Centennial Seedless’, and
‘Argessis’ were grown under field conditions in containers, and in the soil under greenhouse conditions.
Significant differences were found between genotypes for both responses to osmotic stress and source-sink
balance. ‘Centennial Seedless” and ‘BP9 hybrid showed the best responses of induced osmotic adjustment;
results confirmed the compensatory potassium uptake theory. “Victoria” and ‘Argessis” had almost the same
average values as ‘Centennial Seedless’ osmotic estimator for induced osmotic adjustment. ‘Victoria’and ‘HR7
hybrid showed an increase in osmotic stress in the cell, after application of polyethylene glycol solutions
without potassium cation and a lower source-sink ratio, which could be associated with higher photosynthesis
rates. No correlations were identified between the mechanisms expressed by the analyzed estimators, indicating
that they are activated and functional separately from each other, sometimes only compensatory.
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Introduction

Pressure on agricultural use of water resources is rising (Simonneau ez /., 2017). Yield and berry quality
depend on the vine’s adaptability to drought (Lovisolo ez 4/., 2010). Adaptation to dry environments depends
on the tradeoff between efficient conduits and low vulnerability to cavitation. Grapevines have long vessels,
which is a common trait among liana species. Vessel sizes are dependent on the cultivar (Chouzouri and
Schultz, 2005), giving room for genetic variation in drought response (Simonneau ez al., 2017).

Osmotic adjustment is a major response to drought, which allows the cells to maintain their water
content and turgor, even when water potential decreases in their vicinity. When roots are exposed to a soil
water deficit, root cells respond in terms of growth and differentiation (Lovisolo ez 4/, 2010), through
acidification of the apoplast pumping protons from the cytoplasm. Some grapevine genotypes can be
modulated by root-stocks with a higher K*-uptake efficiency and transportation rate, leading to a decrease of
vacuolar acidity (Pratelli ez al., 2002).

A shaker channel, SIRK, is expressed at low K*levels prior to veraison in the berry pericarp and is
undetectable after onset of ripening (Gambale and Uozumi, 2006; Pratelli ez al., 2002; Rogiers ez al., 2017).
The two KUP/HAK/KT transporters are also expressed highly in the skins of pre-veraison berries (Davies ez
al., 2006; Rogiers ez al., 2017). The only K* uptake system identified thus far that is up-regulated at veraison is
a shaker channel (VvK1.2) expressed in the plasma membrane of mesocarp and phloem tissues (Cutllar ez 4.,
2013; Rogiers ez al., 2017). K* is the most abundant ion in the cell (Clarksont and Hanson, 1980) and is
involved in a number of basic functions linked together at the genetic, cellular or the whole plant level, such as
control of cell turgor (Hale, 1977; Delas ez al., 1989; Pratelli ez al., 2002).

The growth and maintenance of plant tissues are dependent on the translocation of newly fixed photo-
assimilates from sources (the sites of synthesis, e.g., mature leaves) to the sinks (the sites of consumption or
storage, c.g,, roots and berries) (Rogiers ¢z. al., 2017). Growth after veraison is characterized by flesh cell
expansion than cell division, allowing a rapid storage of sugar and amino acids. After veraison, the berry
becomes a strong sink and depends on phloem sap flux, consisting of sugars, other organic molecules, ions and
water, because xylem vessels are no longer functional (Diiring ez 4/., 1987; Findlay ez 4l., 1987, Pratelli ez 4l.,
2002).

The effects of hydric stress on grapevine’s photosynthesis influence berry development (Dry ez /., 2001).
Development and composition are determined by severity and timing of water stress (Roby and Matthews,
2004), leading to a decrease of berry size and sugar accumulation due to an inhibition of photosynthesis
(Williams and Matthews, 1990, Rogiers ez. al., 2017).

According to Miinch’s theory, an osmotic potential gradient is generated through loading of solutes into
sieve tubes at the source and unloading at the sink, resulting in a water gradient and a mass flowupto 1 m = h’
' (Tyree and Fensom, 1970; Daudet ez al., 2002; Thompson and Hoolbrook, 2003; Rogiers ez al., 2017).
Aquaporins in plasma membrane and tonoplast are highly expressed in expanding cells and up-regulated
simultaneously with sugar transporters (Fouquet ez al., 2008; Rogiers ez /., 2017), but lictle is known how these
transporters are interconnected with K*s role as an osmotic facilitator for phloem transport during ripening
(Rogiers ez al.,2017). The mechanisms of phloem and K* transport in grapevine have been poorly investigated
despite the evidence that this cation and its charge balancing anions contribute to the hydrostatic pressure
gradient between collection and release phloem (Lang, 1983; Rogiers ez. al., 2017).

Following the previous researches obtained about connections between osmotic adjustment and source-
sink balance in grapevine, the present study investigates the responses given by two estimators, one for osmotic
adjustment (Patil and Ravikumar, 2011) and the other one for source-sink balance (Petrie ez 4/., 2000c; Parker,
2012) in grapevine hybrid elites. In addition, the relationship between the genotype responses obtained in this
analysis for both estimators will be described.
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Materials and Methods

Sampling design
a. Biological material used in pollen grain test
The experiment was conducted at N.R.D.LB.H. vineyard (44°42' and 44°55'N), at Stefinesti, Arges,

Romania, under greenhouse and field conditions. A collection of thirteen grapevine genotypes were part of the

study: three cultivars described as drought tolerant and ten hybrids. The drought tolerant genotypes were:
‘Centennial Seedless’, ‘Victoria’ and ‘Argessis’ (Gliman ez a/., 2018). The hybrid elites were: ‘CN21’, ‘APRY’,
‘BP9, ‘CROMS’, ‘R10xV5’, R10xV7’, ‘MIO7V’, ‘CP76’, ‘HR7’, ‘R10x V8.

‘Centennial Seedless™: a cross between ‘Gold” x (‘Emperor’ x ‘Pirovano75’); breeder: H.P. Olmo and
A.T. Oyama, UC Davis, California, USA. It is cultivated in California, Chile, South Africa and Australia
(Tardea and Rotaru, 1996; VIVC, 2019).

Victoria: a cross between ‘Cardinal’ x ‘Afuz Ali’; breeder: Victoria Lepadatu, Viticultural Research
Station, Drigisani, Romania (VIVC). It has a good drought tolerance (Gliman ez 4/., 2018).

‘Argessis™ a cross between ‘Moldova’ x ‘Augusta’; breeder Biditescu Margareta and Popa Camelia at
N.R.D.LB.H. Stefinesti-Arges. It has also a good drought tolerance (Gliman ez 4/, 2018).

All hybrid elites used in the analysis are F; breeds, except CP76, which is a F> generation. ‘Victoria’ and
‘Argessis’ were used as a repetition of a previous analysis, from 2020, where they were grown in containers, in
the greenhouse.

In this study, Victoria’ pollen grains were collected from the plants grown in the field. ‘Argessis” pollen
grains were collected from a plant cultivated in container, under greenhouse conditions. Pollen grains of ‘CP76°
hybrid were collected from one plant grown in container and another one, planted in the greenhouse soil, and
then, analyzed separately for confirming the repetition of OA mechanisms.

Greenhouse conditions

Grapevine genotypes (Vitis vinifera L.) of different age were cultivated in containers (20 dm?), in a
soil:peat:sand mixture (1:1:1). The mean temperature was 24 °C, when flowers at anthesis were collected for
pollen grain test proposed by Morgan (1999). The humidity was about 80%. Plants grown in containers were
drip irrigated and those grown in the soil are watered.

Field conditions
In the field, the temperature was 25 °C and humidity 70%. Victoria’ plant was 3 years old and was drip

irrigated.

b. Biological material used in source-sink analysis

Plant material used in source-sink analysis was made up of: ‘Centennial Seedless’, ‘Victoria’, ‘CN21’,

‘APRYT’, ‘BP9’, ‘CROMS’, ‘R10xV7’, MIO7V’, ‘HR7’, ‘R10xV8’

Greenhouse conditions

The temperature and humidity were maintained at optimal conditions for grapevine growth.

Experimental procedures

c.  Estimation of osmotic adjustment capacity of pollen grains

Pollen grains were collected in June. Before pollen test, the flowers were transported and rehydrated
with water in PP-tubes for 30 minutes. The procedure of pollen test and estimations of OA expressions induced
in pollen grains were the same as in a previous study in 2020 (Morgan, 1999; Patil and Ravikumar, 2011; David,
2020). The OA estimations expressed by projected cytoplasm area were obtained by increasing the number of
pollen grains on each slide for each genotype, from 20 to 100 cells. Microscopic observations were made at a
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magnification of 10X or 20X. Measurements of projected pollen grains cytoplasm were done using Image], a
program designed for cellular biology analysis, and recommended by Patil and Ravikumar (2011). All
measurements of projected pollen grains cytoplasm were calculated for magnification of 10X in Image].

d. Estimation of source-sink balance in grapevine genotypes
The measurements were made 90-100 days after buds burst (leaf maturity stage from N.R.D.LB.H.
greenhouse). Leaves from each hybrid were collected in plastic bags in order to avoid fading and water loss. Five
mature leaves, collected from the main young shoot and between 9-12" node, were measured. Leaf area
measurements were made following the formula of Kinskins' method:

2
LA= %, where d represents distance between the top of the leaf blade and the farthermost point from

the blade top (Dobrei ez al., 2008).
The bunch weight (as FW) was calculating the mean value of all bunches collected from 10 young shoots
at the stage of full maturity.

Statistical analysis

a. Statistical analysis used in pollen grain test

The statistical interpretation of the results was done with an ANOVA (Fischer-Snedecor test) with an
EXCEL sheet, for each treatment and trait in six repetitions given by measurement of projected pollen grain
cytoplasm area made on the images focused on six central locations of the slide observed at magnification of
10X. Analysis of variances homogeneity and effects of stressing solutions and morphological factors was made
using the following equations:

1. Equation of squared omega (w*) proposed by Hays (1981) was used for interpretation of variances
homogeneity analysis:

0.)2 — SSintragroup - (k_l)XMSintergroup

, where k represents the number of groups used in the analysis;
SStotal + Msintergroup

2. Equation of index of sizes effect (f) was used for interpretation of effects of stressing solutions and
morphological factors on genotypes reaction under drought conditions:

(k—D)X(MSintragroup ~MSintergroup)

N . .
f= ,where N represents total number of subjects that was used in the
Y, Msintergroup

analysis. Interpretation of index of sizes effect was done using f values proposed by Cohen (1992b).

Standard deviations of cell cytoplasm area measurements and coefficients of variation (CV%) were
calculated to estimate the stability and resolution of method used as cytometry analysis (Steen, 1990a). CV is
the ratio between standard deviations of projected cytoplasm area exposed to stress solution and standard
deviations of projected cytoplasm area exposed to control solution. The significance of results is obtained by
the least significant differences test (Steel, 1977), at a significance level of 5% for all indicators used in the OA
analysis. Relationships among traits given by OA expressions were examined through calculation of correlation
coefficients (R).

b. Statistical analysis used in source-sink balance analysis

The statistical interpretation of the results was done using an analysis of variance (ANOVA) (Fischer-
Snedecor test). ANOVA was performed for LA:FW estimator average obtained for each genotype. The
significance of results was tested at a 5% level for this indicator. Relationships between estimators used in the
OA analysis and LA:FW used in source-sink balance analysis were examined calculating correlation coefficients

(R).
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Results

Differences between genotypes for osmotic adjustment estimators

Significant differences were found between genotypes, both, for measurements of projected cytoplasm
area of pollen grains and also, for osmotic adjustment estimators of pollen grains exposed to stressing solutions
with and without K* (Figure 1; Figure 2). Differences between genotypes increased for expressions induced in
stressing solutions with addition of KCl, indicating differential effects of K* obtained in OA for each genotype
characterized by different ion capacity utilization (Figure 1a; Figure 1b). The values for measurements of
projected cytoplasm area answer to a significant proportion from dispersion, having values between 58% and

83% (Figure 1a).
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Figure 1. a. Analysis of variances homogeneity and effects of stressing solutions with and without K* on
pollen projected cytoplasm area for 14 probes; b. The same analysis for 10 probes

The effect of stressing solutions with added K* on pollen projected cytoplasm area was higher than that
without added K* on pollen projected cytoplasm area and, respectively, the effect of stressing solution 65%
PEG with added K* was higher than that of the control solution (Figure 1a). The more genotype probe
numbers were used, the lower effects of stressing solutions on pollen projected area were detected due to genetic
variation given by each genotype (Figure 1a; Figure 1b).

The estimator values answer to a significant proportion from dispersion, having values from 45 to 58%
for OA estimators (Figure 2). Effect of solutions with K, defined by genotype’s K* accumulation capacity, was
higher in projected cytoplasm area than the effect of solutions without K*, indicating that the effect of induced
OA has an important role in maintaining overall OA under osmotic stress conditions (0.94; 1.1) than intrinsic
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OA (0.9; 0.98). But both effects were subordinated to the effect of overall OA (1.19; 1.34) (Figure 2; Figure
9).
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Figure 3. Genotype reactions for pollen projected cytoplasm area (um?) in non-stressing and stressing
solutions (PEG 30%; 55%; 65%) as well as with and without K*; L.S.D. indicate a significance level of 5%
for 14 (a) and 10 (b) probes

‘Centennial Seedless’ (1.292 + 0.134), ‘Argessis’ (1.206 + 0.128), ‘Victoria’ (1.112 + 0.067), ‘R10xV7’
(1087 + 0.095), “CN21’ (1.061 + 0.060), ‘R10xVS’ (1.041 + 0.084), and ‘BP9’ (1.037 + 0.064) had the best
values for induced OA (Table 1; Figure 4a). Pollen grains from two plants of the hybrid ‘CP76’, one cultivated
in pot (0.952 + 0.115) and the other one in the soil (0.963 + 0.083) repeated the reactions in osmotic stress
solutions with added K*, with approximately the same average values, expressing the same effect of K* during

OA (Table 1; Figure 4a).
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Table 1. Means + standard deviations for osmotic adjustment estimators of grapevine pollen grains

Genotype Expression of:
'Intrinsic’ OA estimator 'Overall' OA estimator | 'Induced’ OA estimator
‘MIO7V' 0.507 £ 0.122 S 0.379 £ 0.080 S 0.748 + 0.102 MS
RI10 X VS 0.717 £ 0.095 MS 0.748 + 0.091 MS 1.041 £ 0.084 R
'‘CP76' pot 0.705 £ 0.070 MS 0.671 + 0.096 MS 0.952 £ 0.115 MR
'‘CP76' s0il 0.559 £ 0.088 S 0.540 + 0.064 S 0.963 + 0.083 MR
'HR7' 0.404 + 0.031 S 0.385 + 0.049 S 0.955 + 0.098 MR
'RIOX VE 0.625 + 0.098 MS 0.524 + 0.092 S 0.832 + 0.069 MS
'Centennial Seedless’ 0.798 + 0.090 MS 1.024 + 0.154 R 1.292+0.134 R
'CN21' 0.765 + 0.091 MS 0.803 + 0.104 MS 1.061 + 0.060 R
'APRY’ 0.816 + 0.038 MS 0.734 + 0.038 MS 0.905 £ 0.050 MR
'‘CROMS' 0.662 + 0.040 MS 0.658 + 0.044 MS 0.994 + 0.076 MR
'Argessis’ 0.490 + 0.047 S 0.591 £ 0.043 S 1.206 + 0.128 R
‘BPY' 0.687 + 0.058 MS 0.712 £ 0.083 MS 1.037 + 0.064 R
RIOX V7 0.548 + 0.040 S 0.597 + 0.024 S 1.087 + 0.095 R
Victoria' 0.706 + 0.026 MS 0.787 £ 0.050 MS 1.112 + 0.067 R
Cultivars susceptible S S S
Cultivars resistant R R R
Cultivars medium susceptible MS MS MS
Cultivars medium resistant MR MR MR

Cocfficients of variation (CV) ranged between 0.87-1.14 for cell reactions in stressing solution without
added K* and 0.92-1.15 for cell reactions in stressing solutions with K* (Table 2). Thus, a resule with a CV of
1.5% is considered as excellent for a cytometry analysis (Figure 4b; Table 2).
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Table 2. Means for standard deviations of projected cell cytoplasm area measurements (um?*) and CV%
(coefficient of variation) values expressed in stressing solutions without and with addition of KCI

stdev stdev; stdev; stdev; cv% stdev; stdev;
Genotype
30% ss cv% 55% ss cv% 65% ss means cv% 55K % ss cv% 65K % ss
+7.40; +6.98; +7.19; +9.89; +8.81;
'MIO7V' +6.67
1.11 0.94 1.03 1.42 0.89
+8.31; +7.30; +7.80; +6.05; +6.07;
'RI0X VS’ +7.46
1.11 0.88 1 0.83 1
+5.33; +5.19; +5.26; + 6.46; +5.94;
'CP76' pot +6.90
0.77 0.97 0.87 1.24 0.92
+6.15; +6.67; + 6.41; +6.72; +6.19;
'CP76' soil +5.96
1.03 1.08 1.06 1.01 0.92
+7.17; +6.03; + 6.60; + 8.46; +7.52;
'HR7' +6.07
1.18 0.84 1.01 1.4 0.89
+8.13; +7.39; +7.76; +7.78; +9.66;
'R1I0X V8 +8.96
0.91 0.91 0.91 1.05 124
+ 8.09; +6.51; +7.30; +7.13; +6.96;
'Centennial Seedless' +5.63
1.44 0.8 1.12 1.1 0.98
+ 8.54; +8.53; +8.54; + 8.50; +8.85;
'CN21' + 6.64
1.29 1 1.14 1 1.04
+7.37; +6.39; +6.88; +6.82; +7.08;
'APRI' +791
0.93 0.87 0.9 1.07 1.04
+9.13; +7.63; + 8.38; +9.27; +7.54;
'CROMS' +8.16
1.12 0.84 0.98 1.22 0.81
+7.63; + 6.44; +7.04; + 6.66; +7.14
'Argessis' +6.39
1.19 0.84 1.02 1.03 1.07
+6.52; +6.69; +6.61; +5.63; +7.12;
'‘BPY' +6.83
0.96 1.03 0.99 0.84 1.26
+7.68; +8.24; +7.96; + 8.64; + 8.57;
'RIOX V7' +7.29
1.05 1.07 1.06 1.05 0.99
+6.31; +5.98; +6.15; +4.31; +6.69;
"Victoria' +7.02
0.9 0.95 0.92 0.72 1.55
L.S.D. 0.01 0.01 0.01 0.01 0.01 0.01
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2
‘Centennial seedless’

‘BP9’s pollen grains (10X) (II)

‘Victoria’s pollen grains (10 X) (III)

MIO7V’s pollen grains (20 X) (IV)
Figure 5. Examples of resistant (I, IL, III - 1: pollen grains reaction in control solution; 2: pollen grains
reaction in stressing solution 65% PEG; 3: pollen grains reaction in stressing solution 65% PEG with added
K*) and susceptible (IV - 1: pollen grains reaction in control solution; 2: pollen grains reaction in stressing
solution 65% PEG; 3: pollen grains reaction in stressing solution 65% PEG with added K*) genotypes

under osmortic stress conditions

Relationships between expressions of osmotic adjustment

Expressions of intrinsic OA had a positive significant correlation of R*= 0.74** with overall OA (Figure
6). Correlation between genotype expressions of overall OA and induced OA was also significant with R* =
0.49* (Figure 7), while a correlation between intrinsic OA and induced OA wasn't found (Figure 8). These
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results probably indicate an interaction between K* and organic osmolytes in overall OA, used for maintaining
the cytosolic osmolarity, but each OA mechanism is activated separately, one by other. The overall analysis of
correlations for all fourteen probes underlined several genotypes with a very good capacity for OA, which are
above regression lines (Figure 6; Figure 7), such as ‘Centennial Seedless’, ‘Argessis’, Victoria’ and ‘BP9’ hybrid.

David M ez 4l. (2022). Not Sci Biol 14(2):11250

Almost all genotypes are quite narrow arranged along the regression line (Figure 6; Figure 7).

1,2

v =1,1858x - 0,1078 'Centennial Seedless' j
= ! ; ; T
4 N2l
<2 Victors
0.8 RIGK V™ ; ' PRI’
g - mL { _—
< 'CROMSE' —\ -
<
“é 'Argessis’ — \‘ /%_' T~ RIOX VS
g 06 I . -
5 L, 'CPT6 ' pot
i
4
5] 'HRT ' o
B 04 T T CH7G' soil R10 XV
§ . ~
& MIDTV!
i 0,2
0
035 0,45 0,55 0,65 0,75 0,85

Figure 6. Relationship between intrinsic osmotic adjustment (B/A) and overall osmotic adjustment (C/A)

Expression of intrinsic osmotic adjustment (B/A)

Black line shows the global linear regression for all fourteen probes. R*= 0.74™; P < 0.01
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Black line shows the global linear regression for all fourteen probes. R* = 0.49%; P < 0.05
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Black line shows the global linear regression for all fourteen probes. R*= 0.062 (n.s.)

Differences between genotypes for source-sink balance estimator

Significant differences were found both, in LA and FW indicators, and respectively LA/FW estimator
(F = 8.25; MSijtergroup = 0-6). The estimator values answer to a significant proportion from dispersion,
having values from 49 to 64% for OA estimators and 57% for source-balance sink estimator respectively. Effect
of source-sink balance estimators for 10 grapevine genotypes was about 1.14, with a high influence of
morphological factors in source-sink balance estimator (Figure 9).
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Figure 9. Analysis between effects of stressing solutions with and without K* in osmotic adjustment
estimators and respectively effects of morphological factors in source-sink balance estimator for 10
grapevine genotypes (cultivars and hybrids elite)
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Results of measurements indicate that grapevine genotypes could be separated in two groups:

1. Genotypes which have a higher LA than FW, such as ‘Centennial Seedless’, leading to the
compensatory potassium uptake theory;

2. Genotypes, which have a higher FW than LA, such as ‘Victoria’, ‘HR7’, ‘APR1’ and ‘CN21’ with
good values for source-sink balance (Figure 10b). Standard deviations for LA/FW estimator of
several hybrids elite were found higher than cultivar standard deviations. Being hybrids elite in
F, generations, we recommend a repetition of analysis for this estimator in the next generations.
Data from our study are available only for these generations (Figure 10a).
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Figure 10. a. Means + standard deviations of LA:FW estimator for 10 grapevine genotypes (cultivars and
hybrids elite); b. Means of leaf area(LA) (cm?) and fruit weight (FW) (g) for 10 grapevine genotypes
(cultivars and hybrids elite)
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b) ‘BPY’

c) ‘Victoria’

d) ‘HR7

e) ‘MIO7V’
Figure 11. Morphological aspects of leaves and bunches for some grapevine genotypes

Relationships between estimators of osmotic adjustment and source-sink balance

Relationship significations were maintained between OA estimators for 10 probes (Rc/s; c/a = 0.82%

RC/A; B/A= 0.88**) (Table 3)
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Table 3. Correlations between estimators of osmotic adjustment and source-sink balance

Estimators B/A C/A C/B LA/FW
B/A 1
C/A 0.88** 1
C/B 0.46 1S 0.82* 1
LA/FW 0.281S 0.391S 0.351S 1

1,55
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Figure 12. Relationship between induced osmotic adjustment (C/B) and LA:FW
Black line shows the global linear regression for all ten probes. R? = 0.124 (n.s.); P < 0.05; L.S.D. indicate a significance
level of 5% 10 probes

Discussion

Variances homogeneity supposed that theoretic distributions for estimators of all variances have the
same shape, so, the same variance, being different only as position because of analysed factors effect. Estimation
for only general error of all analysis is based on this premise (Siulescu and Siulescu, 1967). In our study, all
analyzed estimators had a significant influence on genetic reaction of grapevine genotypes induced by stressing
solutions in OA and morphological factors in source-sink balance. Therefore, the estimator analysis had a good
response for variances homogeneity.

Effect of stressing solutions with and without K* was highly significant in all estimators measured and
calculated for osmotic adjustment of grapevine pollen grains. Effect of solutions with K*, defined by genotype
K* accumulation capacity, was higher in projected cytoplasm area than the effect of solutions without K*,
indicating that the effect of induced OA plays an important role in maintaining overall OA under osmotic
stress conditions than intrinsic OA. Both effects were subordinated to the effect of overall OA. Analysed
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grapevine genotype responses in pollen grains for all OA estimators were maintained, independently, on the
number of grapevine genotypes (10 or 13), used in the study. An explanation of K* accumulation capacity in
the sub-cellular location is given by Rogiers (2017). The vacuoles accumulate glucose and fructose atup to 1 M
(Conde ez 4l., 2006) and this leads to a doubling of vacuolar K* (Keller ez a/., 2015). Hexose concentrations are
important to induce the turgor mediated expansions required for growth. The physiological rationale for this
increase in vacuolar K* may be related to its potential role in phloem transport. Cytosolic osmolarity is given
by a combination of K* and others ions as well as organic osmolytes. In our analysis, the correlations of intrinsic
and induced OA with overall OA could explain the build-up of cytosolic osmolarity. Stable cytosolic K*
concentrations are critical for maintaining the activity of enzymes that require K* as cofactor (Armengaud ez
al.,2009). The complexity to determine apoplastic and vacuolar K* concentrations is regulated by the presence
of gradients in apoplastic and vacuolar K* concentrations across the berry. This is driven by the diverse
metabolic storage functions of cells according to their location (Rogiers ez 4l., 2017). Our results confirm this
explanation by the ratio of mean values calculated for different types of OA mechanisms of pollen cells of elite
breeds exposed to PEG solutions with and without K* addition. In ‘Centennial Seedless’ and other hybrid elite
pollen cells exposed to PEG solutions with added K* had a greater increases of cytoplasm area than pollen cells
exposed to stress solutions without K, which indicates a good effect and a greater gradient of K* in the cells
during osmotic adjustment linked to genetic and cellular level. This resulted in induced OA mechanism used
by these hybrids and cultivars under severe drought conditions. Under those conditions, the genotype tolerance
is characterized by a high K* accumulation capacity, comparable to organisms, which use salts to respond
quickly to osmotic shock (Galinski, 1995; Rogiers ¢z al, 2017). As in other plant system, greater K*
concentrations decrease berry’s susceptibility to drought, ameliorating oxidative stress, controlling long
distance phloem transport and maintaining tissue turgor (Shabala and Pottosin, 2014; Shabala ez al., 2016;
Rogiers ez al.,2017). In contrary, hybrid elites, like 'MI07V' without any pollen cells responses to osmotic stress,
are considered as sensitive to drought conditions.

The study found no correlations between estimators of osmotic adjustment and source-sink balance. In
some genotypes, the export capacity for photo-assimilates out of leaves is fairly low and induces a high
accumulation of soluble carbohydrates in leaves, which triggers an inhibition of photosynthetically activity
(Bota et al., 2004a; Lovisolo). The higher LA:FW values of ‘Centennial Seedless’ and ‘BP9’ hybrid could be
associated with a lower photosynthesis rates (Petrie ez 4/., 2000c; Parker, 2012). Van Bel and Hatke (2005)
have been observed that K* enters the se/cc when sugars are low and exits se/cc when sugars are high (Smith
and Milburn, 1980; van Bel and Hafke, 2005; Rogiers e al., 2017) and this has led to the compensatory
potassium uptake theory (van Bel and Hatke, 2005; Rogiers ez /., 2017). The results in grapevine with a higher
K* accumulation capacity than sugar accumulation in the berry (Smart ez. 4., 1985; Archer and Strauss, 1989;
Rojas-Lara and Morrison, 1989; Dokoozlian and Kliewer, 1996; dos Santos ez 4/., 2007; Rogiers ez al., 2017) as
'Centennial Seedless’, might be explained by the compensatory theory, triggered under sub-optimal light and
photosynthesis due to increased canopy shading

Other genotypes, such as Victoria’ and ‘HR7 hybrid elite were found to increase K* during the
application of osmotic stress in the cell and lower source-sink ratios which could be associated with an increase
of photosynthesis rates. This could be explained by an increase of photoassimilate export capacity and a decrease
sugar accumulation as a consequence of severe water stress (Quick ez. 4., 1992; Lovisolo ez al., 2010).

Conclusions

The pollen grain test for OA can be used for all grapevine genotypes and different age. The cytometry
analysis used for pollen grains test shows flexibility and stability for all types of locations (pot, soil vs.
greenhouse, field). A good screening of grapevine genotypes depends on reaction homogeneity, stressing
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solutions, temperature and phenological stage. Genotype responses in pollen grains for all estimators were
obtained, independent of the number of varieties used in the study. The analyzed estimators had a good
response for variances homogeneity. In the analysis, significant differences were found between genotypes, for
estimators of OA and source-sink balance. The induced OA mechanism following higher K* supply during the
application of osmotic stress is a characteristic of drought tolerant genotypes under the influence of water stress.
‘Centennial Seedless’ and ‘BP9’ hybrid showed the best responses of induced osmotic adjustment and lower
photosynthesis rates given by the higher average ratio values of LA:FW. Other genotypes, such as ‘Victoria’ and
‘HR7” hybrid reacted with an increase of osmotic stress after K" application and lower source-sink ratios, which
could be associated with an increase of photosynthesis rates. No correlations were found between mechanisms
expressed by analyzed estimators indicating that they are activated and functional separately one by another;
sometimes only in a compensatory way.
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