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Cultivar-Dependent Cell Wall Modification of Strawberry Fruit
under NaCl Salinity Stress
ANNA J. KEUTGEN* AND ELKE PAWELZIK

Section “Quality of Plant Products” at the Department of Crop Sciences, University of Géttingen,
Carl-Sprengel-Weg-1, 37075 Géttingen, Germany

Strawberry cultivars differ in their sensitivity to NaCl; fruits of cv. Elsanta suffer from softening, whereas
those of cv. Korona retain their firmness. The mean fruit fresh weight is reduced in cv. Elsanta up to
46% and in cv. Korona up to 26%. Cell walls of fruits grown under 0, 40, or 80 mmol/L NaCl were
extracted and analyzed. In fruits of cv. Korona, the content of the alcohol-insoluble residue remained
comparatively stable as salt levels increased but was reduced in cv. Elsanta. The water-soluble pectin
fraction was not affected in cv. Korona, but the content of low methoxy pectinates increased
significantly, indicative of the generation of calcium and magnesium bridges that stabilize pectin
polysaccharides of cell walls. In cv. Elsanta, the content of water-soluble pectin rose, indicating pectin
solubilization. For both cultivars, the significant negative correlation of fruit ClI~ contents with the
contents of NaOH-soluble pectinates, when expressed per fruit fresh mass, indicated that covalently
bound pectic substances were degraded. Especially the response of cv. Elsanta is in line with the
general observation that severe osmotic stress results in slower cell expansion and weaker cell walls.
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INTRODUCTION strawberry is characterized by a short postharvest life due to
fruit softening and elevated salinity of nutrient solution has been
proposed to enhance fruit quality and to reduce vegetative
growth (12—14). A comparison of strawberry cultivars with
different softening rates revealed that, by the end of fruit
ripening, changes in cell wall pectins content occur, which
support the hypothesis that softening is closely related to pectin
solubilization and depolymerizatiod%). The small amount of

Salinity impairs plants by osmotic effects, reducing water
uptake and availability. Moreover, salinity-induced disorders are
the result of excessive ion uptake (e.g., offNand CI") as
well as of nutrient imbalances, which are a consequence of a
limited nutrient availability or competitive uptake, transport, or
partitioning within the plant1—3). Elevated salt concentrations
in the tissue affect enzyme activities and in consequence impair . X . )
plant metabolism4). Processes related to salt stress also involve CEllulose found in strawberry fruit remained unchanged during
cell walls (5), which are very sensitive to modification of their "Pe€ning (5, 16) and hemicellulose degradation represented only
water content, because about 75% of their fresh mass (FM)& minor component in fruit softenindlg, 17). Because the
consists of a very dense aqueous @el7). For instance, water biochemical ba_S|_s of cell wall degradation in strawberry _frun
reduces interactions between cell wall polymers and facilitates Under NaCl salinity stress has not yet been clearly established,
cell wall expansion g) In consequence, modifications in cell the biochemical ChangeS in cell walls of fruit of StraWberry
wall hydration should influence cell wall mechanical properties cultivars that differ in their sensitivity to NaCl stress were
and its porosity to low molecular weight species and enzymes. studied. Modifications of cell wall content and their components
Especially pectic polysaccharides are implicated in intercellular (pectins, hemicelluloses) were compared in relation to modifica-
adhesion in the middle lamella, in controlling the porosity of tions of firmness. For these experiments, varying NaCl con-
the cell wall, and in the cation-responsive structure controlling centrations of nutrient solutions were supplied to strawberry
cell wall properties9). The metabolic environment of the cell  plants growing in a sandy medium, because this medium allowed
wall and middle lamella is the apoplast. control of the NaCl content in the root medium in an optimal

Modifications of fruit firmness due to salinity stress are way. On the one hand, Neand CI', when supplied with the
closely related to cell wall composition. For example, firmer NaCl solution, were easily accessible to the plants, but on the
fruits have been reported, when tomato was grown under salineother, the sandy medium allowed leaching of the soil and
conditions (10,11). Information on the influence of salt stress reduction of the salt levels by the addition of demineralized
on the cell walls of strawberry fruit is limited, although water. Leaching the soil should quickly improve the water

relations of the plant but not affect salt levels within the plant
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MATERIALS AND METHODS results are presented in galacturonic acid equivalents (GAE), either

. . . expressed per fruit FM or as a percentage of AIR.
Plant Material and Growth Conditions. Experiments were con- From the residues of the pectin extractions, hemicelluloses and

ducted twice in 3 years during two successive vegetative periods in cejyjose were extracted as glucose after stirring with 100 mL of 4 M
2002/03 and 2003/04 in Gottingen, Germany, with the NaCl-sensitive na0H and complete hydrolysis with 66% (v/v)$D; at 100°C (15).
strawberry (Fragariax ananassaDuch.) cv. Elsanta and the 1ess- 1 resulting glucose was estimated by HPLC [LiChrospher 100 NH2
sensitive cv. Koronal@). NaCl treatments lasted from the end of April 5 um) 4 mm x 4 mm precolumn (no. 1.50966.0001, Merck KGaA
to thg middle of S(_aptember in 2002, 2003, and 2004. The salinit_y levels Darmstadt, Germany) in combination with a LiChrospher 100 NH2 (5
applied resulted in moderate (4Q mmol/L NaCl) and excessive (8Q um) 4 mm x 250 mm separation column (no. 1.834.0001, Merck
mmol/L NaCl) stress; the excessive stress level caused plant death iNKGaA)], and an acetonitrile:pure water solution (80:20 v/v) was used
about 10% of plants of the more sensitive cv. Elsanta. Control plants 4¢ the mobile phase (flow rate, 1.0 mL mincolumn temperature, 20

did not receive additional NaCl (0 mmol/lL NaCl). Commercial ~oc) Glucose was detected with a Knauer differential refractometer
strawberry plantlets (Frigo) were purchased from the Kraege Beerenobst; gg g (Knauer, Berlin, Germany).

Spezialkulturen Co. (Telgte, Germany). For experiments, plantlets were  giaristical Analysis. The data were analyzed with the statistical
select_ed for_ S|m|Ia_r size and cultlvateo! in 6_ L metallic Mitscherlich programs SPSS for Windows, release 12.0 standard version (SPSS Inc,
containers filled with quartz sand (particle size 6172 mm). Plants 1989—1999). All data sets were tested for normal distribution and
were located randomly (12 plants pef)nwith 10 replications per \5jance homogeneity. When they met requirements, Duncan tests were

combination to ensure a statistical design and to exclude position eﬁeCtS-performed; otherwise, Tamhane tests were applied. Correlation analyses
They were grown in a greenhouse to avoid a dilution of salt applied to ;o0 performed using Pearson correlation tests.

the plants by rainfall, but temperature and humidity were as similar as
possible to natural conditions, bep_ause the large win_dows of the RESULTS
greenhouse were opened. A modified Hoagland solutith) (vas

supplied twice a week (200 mL per plant). Three weeks after planting,  Fruit Characteristics. The application of 0, 40, and 80
salt treatment started and NaCl solutions were supplied four times a mmol/L NaCl to the root medium increased Nand CI levels
week to each plant. Once a week, 200 mL of demineralized water was f frjits and reduced fruit sizeT@ble 1). CI- levels of fruits
added to reduce salt accumulation in the root medium. Surpluses of of cvs. Korona and Elsanta were similar and did not depend on

solutions were allowed to pass the containers to avoid anoxia by WaterWhether lants were exnosed to NaCl salinitv for one or two
logging. All of the plants received extra demineralized water when P p ty

needed. Runners were removed immediately. Fruits were harvested aS€aSOns. By contrast, Ndevels were in tendency higher in
the optimum of fruit maturity, when about 90% of the fruit surface CV- Elsanta than in cv. Korona at 40 mmol NaCl/L, and"Na

had reached a fully red color. The fruits were divided into sepals and levels were distinctly higher when plants were exposed to NaCl
fruit flesh. Only fruit flesh was used for further investigations. salinity for 2 years. Fruit weight is generally considered an
Immediately after harvest, fruits were weighed, frozen in liquid nitrogen, appropriate measure of fruit size. While fruits of control plants
and stored at-30 °C until further analyses. were generally larger in cv. Elsanta than in cv. Korona, the

Between salt treatments, plants were kept in the greenhouse, whichreduction in size due to NaCl salinity was more pronounced in
was not heated during the winter. Strawberry plants received Hoagland ¢y, Elsanta than in cv. Korona. Means of fruit weight decrease
solution and dt_amineralized W_ater ur_1ti| November; thereafter, watering i cv. Korona by about 7 and 25% and in cv. Elsanta by about
of plants was interrupted until the first week of April. 22 and 44% at 40 and 80 mmol/L NaCl, respectively. The fruit

Fruit Firmness. Fruit firmness was determined by a sensory panel water content was not significantly affected by NaCl stress in

et i e 10 nkcine e, wfocou <ot 1) ne o0 medium ofpant. It s Sighty igher i . Elsaria
(0.91 g g! FM) than in cv. Korona (0.89 gg FM).

randomly selected numbers. The fruits were picked about 1 h before Y .
the beginning of the test and washed with tap water. The panelists were 1€ characterization of freshly harvested strawberry fruits by
requested to assess fruit firmness based on a scale from 0 (soffjuntrained panelists revealed that firmness was similar in fruits

to 2 (firm). of control plants of both cultivars. While an increasing NacCl
Determination of Fruit Na*, Cl-, and Relative Water Contents. level in the root medium did not affect fruit firmness in cv.
The contents of Cland Na were determined after digestion of fruits ~ Korona, it was reduced in cv. Elsantkigure 1). In 2003,
with HNO; and HO, in a MLS-1200 microwave laboratory system  panelists also tested for differences between fruits from plants
(MLS GmbH, Leutkirch im Allgdu, Germany). Clcontents were  exposed to NaCl salinity for one and two seasons. However,
evaluated photometrically (I_—|ew|ett-Packard Agli_ent 8453 UVNis (ifferences were not detected (data not shown).
spectrophotometer with multicell sampler) according to the mercury AIR. The amount of AIR was similar in control fruits of cvs.

thu_ocyanate method of Merck (Germany). Nzontents were determined Korona and Elsanta, and the response of both cultivars to NaCl

using a flame photometer Elex 6361 (Eppendorf, Germany). The water lini ducible. i . f th b f

contents of fruit were calculated by comparing fresh and dry masses.sa'nlty was reproducible, irrespective _0 the num er_o years
that plants were exposed to salt stress in the root medium. NaCl

Cell Wall Extraction, Pectin, and Hemicelluloses/Cellulose Analy- ) . . : .
ses.For cell wall investigations, the cell wall polysaccharides were 1N the nutrient solution did not affect the AIR content in cv.

obtained as alcohol-insoluble residues (AIR) modified according to a Korona (Table 1). By contrast, the fruit cell wall content of 1
method for melonZ0). Dried AIR was used for the extraction of further ~ year old plants of the salt-sensitive cv. Elsanta decreased
cell wall fractions. progressively with increasing salt levels, being about 13 and
Different pectin fractions were obtained by stepwise extraction with 21% lower, when plants were supplied with 40 and 80 mmol/L
respect to their differences in solubilit®Q). First, water-soluble pectins NaCl, respectively.
(WSP) were isolated with distilled water, and then, the low methoxy  Pectins. The sequential extraction of AIR resulted in WSP,
pectinates (LMP) of calcium and magnesium were extracted with 0.4% \hich contained 811% methoxyl groups, LMP, which rep-
sodium hexametaphosphate, where the sodium hexametaphosphatgagent jonically or covalently bound calcium and magnesium
complexes with divalent cations. To extract any remaining pectinates, pectates, and water-insoluble NSP. Total pectin contents of cvs.

the residue from the last step was extracted with aqueous NaOH (0.05
mol/L) solution (NaOH-soluble pectinates; NSP). The filtrates of the Elsanta and Korona, calculated as the sum of WSP, LMP, and

pectin fractions were quantified using the colorimetric determination NSP. varied between 0.29 and 0.38 g GAE 100 §M and

of uronic acid by the so-called 3-hydroxydiphenyl method using a Were not significantly affected by salinityrable 1).
Hewlett-Packard Aglient 8453 UV/vis spectrophotometer with a  With respect to the less salt-sensitive cv. Korona, the WSP
multicell sampler. Galacturonic acid was used as a standard, and thefraction was not affected by NaCl in the root medium similar
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Table 1. Influence of NaCl Salinity on Cell Wall Components of Strawberry Cvs. Elsanta and Korona?

mmol kg~ FM
fruit AR total pectins hemicelluloses and
variety and weight (g 100 (g GAE cellulose
treatment (9 g 1FM) 100 g~ FM) (9 glucose 100 g~ FM) Na* (o
fruits of 1 year old plants (one season of salt stress)
Korona (0 mmol NaCl/L) 5.95+1.05 be 270+0.182a 0.32+0.08 ab 042+0.09a 0.51+0.18d 1.30+£0.20¢
Korona (40 mmol NaCl/L) 5.56 +1.19 cd 2.47 +0.46 abc 0.29+0.06 b 048+0.20a 13.26+1.89¢ 440+ 1.44 ab
Korona (80 mmol NaCl/L) 449+061d 2.75+0.50 ab 0.32 £0.06 ab 046+0.14a 24.65+4.72 ab 488+1.02a
Elsanta (0 mmol NaCl/L) 9.59+260a 250+0.11a 0.38+0.07a 0.70+0.39a 0.25+0.06 e 129+0.22¢
Elsanta (40 mmol NaCl/L) 745+ 1.16 ab 215+0.15b 0.36 +0.04 ab 038+0.11a 20.06 £5.14 b 338+0.73b
Elsanta (80 mmol NaCl/L) 5.66 +1.18 cd 1.90+0.20 ¢ 0.38+£0.07a 0.11+£0.04b 28.98+349a 6.32+238a
fruits of 2 year old plants (two seasons of salt stress)
Korona (0 mmol NaCl/L) 6.37£1.13b 2.60£0.25 ab 0.31+£0.05a 0.64£0.15ab 0.61+0.14c 0.81+0.44b
Korona (40 mmol NaCl/L) 5.86 £ 1.31 hc 2.56+0.31ab 0.31£0.07a 0.58 £0.24 ab 3831+3.18b 5.78+355a
Korona (80 mmol NaCl/L) 469+1.26¢ 268+0.75a 032+0.12a 0.55+0.11ab 75.68 £ 6.65 a 736+282a
Elsanta (0 mmol NaCl/) 10.34+250a 2.40+0.33 abc 0.38+0.06 a 072+0.13a 0.64 +0.06 ¢ 0.95+0.06 b
Elsanta (40 mmol NaCl/L) 8.14+1.36ab 2.10+0.14 be 0.37+0.06 a 0.44+0.13 he 67.08+£6.32a 582+337a
Elsanta (80 mmol NaCl/L) 5.54 +1.28 be 1.95+0.35¢ 038+0.11a 0.28+0.05¢ 72.94+756a 6.48+176a

@ Results are expressed per fresh FM. Different letters indicate significant differences by Duncan or Tamhane tests for fruits harvested within the same growing season
(P < 5%).

25 DISCUSSION

Strawberry is a fast growing nonclimacteric fruit, with a short

7 ° // postharvest life. During its development, cell division is
E 7 detectable only until the seventh day after petal fall; thereafter,
:‘; 15 4 % % only cell enlargement occurs until the fruit reaches 25% red. In
8 % % consequence, the fruit cell wall content measured as AIR is
= 0 % % continuously reduced during fruit ripening (151).
g % % In general, cell walls are complex and dynamic systems,
_§ % % composed of polysaccharides, phenolic compounds, and pro-
05 % % teins. They are stabilized by ionic and covalent linkages with
% % microfibrilar cellulose and hemicellulose embedded in a pectin
0.0 i i / ] network (22—24). Pectins are the major components of the
KorC KorS1 KorS2 ElsC ElsS1 ElsS2 primary cell wall and middle lamella of plant cells, and main
Figure 1. Fruit firmness of strawberry cvs. Korona (Kor) and Elsanta components are acidic rhgmnogalacturonans, homogfilacturonan,
(Els) plants treated by 0 (C), 40 (S1), or 80 (S2) mmol/L NaCl; fruits of as well as neutral arabinan, galactan, and arabinogalactan
plants treated with NaCl during one and two seasons were lumped. polymers @5). Hemicellulose represents a complex of xylo-

glucans, xylans, and mannans, which are bound tightly to the

to total pectin content, but the content of LMP increased Surface of cellulose.
significantly, whereas that of NSP decreased. This response to The fruit of strawberry cv. Korona responded to NaCl stress
salinity was independent of the expression of pectin fractions by an increase of LMP and a decrease of NSP. The higher level
per fruit FM or per AIR, because AIR remained simil&igures of ionically bound pectinates in salt-stressed Korona fruit is
2 and3). The increase in LMP was approximately compensated reminiscent of the increase of ethylenediaminetetraacetic acid-
by the decrease in NSP; however, the decrease of NSP was no$oluble pectins found in strawberry fruit after heat treatment
significant on a per FM basis. (26). This response was related to an increase in pec_tin _methyl-
In contrast to cv. Korona, the contents of WSP rose in the ESterase (.P ME) activity. PME cata_lyzes the_ elimination of
' methyl residues from esterified pectins, allowing further deg-

salt-sensitive cv. Elsanta by about 17 and 47% at 40 and Soradation by polygalacturonase (PG). Because the increase in
mmol NaCl/L, respectively, whereas those of NSP were reduced Yy POY L
LMP of salt-treated Korona fruit was compensated by the

) o X
'netﬁrr‘d.?';ﬁ/ Egsli ?I'r;]dezL}vl/ |03 (r:isn?e(?r?ttlvig,I(\alvshse;ffi):;%essrzd " iminution of the NSP fraction, it is obvious that covalently

per frul IS. itwa @(.' .. bound pectic substances should have represented the substrate
2). Because the AIR content was significantly reduced in fruits

; Elsant d to NaCl f d distinct of PME. If these pectinates were not further degradated, for
of cv. Elsanta exposed to Natl for one season ana distinctly example, by PG ang@-galactosidase (GAL), the first enzyme
reduced in plants exposed to NaCl for two seasons, the relative

catalyzing the cleavage of pectin backbones and the second
changes of the pectin fractions, when expressed per AIR yzing g p

) : ' removing nonreducing terminal galactosyl residues from side
differed from that expressed per fruit FM. The contents of WSP jains of pectin polysaccharide@6), de-esterification of

rose distinctly, that of LMP in tendency, while contents of NSP o mqgalacturonans should have generated calcium and mag-

remained unchanged (Figure 3). nesium bridges that stabilized the pectin polysaccharides of the
Hemicelluloses and CelluloseThe fruit hemicelluloses/  cell walls by ionic and coordinate binding within polygalactu-

cellulose content was not significantly changed in strawberry ronic acid regions, thus reinforcing the cell wall structu2é(

cv. Korona. Its amount was considerably reduced by 42 and 28). This response should also have resulted in a rigidification

72%, when plants of cv. Elsanta were exposed to 40 and 80and a more sturdy structure of cell walls by impairing the

mmol/L NaCl, respectively, in the nutrient solutiohgple 1). swelling of pectinatesd( 9) as observed, for example, in tomato
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Figure 2. Quantitative composition of the pectin fractions WSP, LMP, and NSP expressed per fresh FM of fruits grown on plants treated by 0 (C), 40
(S1), or 80 (S2) mmol/L NaCl. Season I, one season of salt stress; season II, two seasons of salt stress. For each fraction, different letters indicate
significant differences for fruits harvested in the same growing season by Tamhane or Duncan tests at P < 5%.
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Figure 3. Quanititative composition of the pectin fractions WSP, LMP, and NSP expressed per 100 mg AIR of fruits grown on plants treated by 0 (C),
40 (S1), or 80 (S2) mmol/L NaCl. Season |, one season of salt stress; season Il, two seasons of salt stress. For each fraction, different letters indicate
significant differences for fruits harvested in the same growing season by Tamhane or Duncan tests at P < 5%.

fruit grown under elevated salinityL @, 29). These explanations In NaCl-stressed Elsanta fruit, not only the contents of cell
are well in line with the result that fruit firmness was not walls decreased but also the amount of WSP rose. The observed
impaired in cv. KoronaKigure 1). On the basis of these results, increase in WSP, expressed not only per AIR but also per fruit
the hypothesis may be put forward that the response of KoronaFM, came from pectin degradation rather than de novo synthesis.
fruit to salt stress could be explained by modifications in the The latter can be excluded at late ripening stages of strawberry
activities of PME, PG, and GAL. fruit (28). The increase WSP indicates that covalently bound
The response of the more salt-sensitive cv. Elsanta to NaCl pectic substances were released and became soluble in salt-
in the root medium was more complex than that of cv. Korona. stressed fruit of cv. Elsanta,31,32). This represents a typical
The AIR, which reflects the contents of cell walls, was feature of fruit softening during ripenind.%).
significantly reduced in NaCl-stressed fruits of cv. Elsanta. For ~ The amount of hemicelluloses and cellulose per fruit FM was
strawberry fruit, it has been documenteddb) that the content  significantly reduced in cv. Elsantddble 1), which is also in
of AIR is not correlated with strawberry fruit firmness, when line with fruit ripening @5, 33). The enzymes endo-1,4g53-
different genotypes are compared, but a relationship betweenglucanase (EG) anf-xylosidase (XYL), the first hydrolyzing
fruit softening and AIR content within cultivars was evident, internal linkages of 1,4-b-glucan and the second decomposing
as was the case in cv. Elsantaigure 1). Also, in cells of xylans (26), possibly in cooperation with cell wall-modifying
tobacco grown under severe osmotic stress, weaker cell wallsproteins such as expansins, could have been involved in the
were accompanied by a lower proportion of the total amount progressive destabilization of fruit cell walls (126). Because
of cell wall and an increase of soluble material within the pectic of its high activity in ripe strawberry fruit34, 35), EG might
substances (30). have contributed to the hydrolyzation of noncrystalline regions
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100 is physiologically coupled with the reduced size of fruits grown
= g4 under NaCl salinity.
2 &0 Na™ and CI contents of fruits correlated significantly with
s each other (Figure 4). The comparison of the"K&i~ ratios,
g 407 calculated for each year of experiment, showed that the Na
‘s 20 levels were higher in fruits of plants exposed for 2 years to
z 04 - NaCl than in fruits of plants grown for only 1 year under salinity

stress. The Nabuffering capacities of root and crown were
limited during the second year of experiment as a consequence
of the salinity load during the first year, resulting in higher'Na
translocation rates to fruits during the second year. This
observation may be of significance in order to decide whether
Na" or CI” is the causative agent and responsible of certain
NaCl salinity-related symptoms. In the present study, none of
the measured concentrations of AIR, WSP, LMP, NSP, as well
as hemicelluloses and cellulose were significantly correlated
of cellulose, hemicelluloses, xyloglucans, and glucomannansyith Na" contents of fruits ¢ < 0.26), implying that Ct is
(26), whereas xylans and some pectates of the fruit cell wall the causative agent initiating the signaling cascade that induces
have been suggested as the main target of X)*Kylose may  the changes in cell wall metabolism in general and pectin in
account for 5-10% of hemicellulose compositio2§); hence,  particular. For example, the Ckontent was significantly and
this enzyme could have degraded this cell wall compound in pegatively correlated with NSP content when expressed per fruit
the fruit of cv. Elsanta, although its activity has been reported FM in both cultivars ( = —0.916 and= —0.852 for Elsanta
to decline during the late stage of fruit ripenin@gj. and Korona, respectively), indicating that covalently bound
The response of the more salt-sensitive cv. Elsanta to NaCl pectic substances were degraded. It may be added that due to
in the root medium is reminiscent of the fruit ripening processes, the observed differences in Nand CI transport between years,
that is, the extensive decrease of fruit cell wall content measuredit may be necessary to conduct at least 2 year studies to
as AIR, the increase in WSP, and the diminution of hemicel- investigate the response of strawberry cultivars to NaCl salinity,
luloses and celluloselB). Pectin solubilization and hemicel- at least with respect to fruits.
luloses/cellulose degradation contribute significantly to softer
fruits in cv. Elsanta. The entire response is best explained by ABBREVIATIONS USED

an acceleration of fruit ripening under NaCl salinity stress in EG, endo-1,4-@-glucanase: FM, fresh mass; GAB:ga-

this genotype. . o ] _lactosidase; LMP, low methoxy pectinates; NSP, NaOH-soluble
Worthy of note is the smaller mean fruit size, especially in - pectinates; PG, polygalacturonase; PME, pectin methyl-esterase;

cv. Elsanta, butalso in cv. Koron@igble 1) grown under NaCl  \ysp, water-soluble pectins; XYI3-xylosidase.

salinity. Because it is not related to differences in fruit water

content, it is reminiscent of the smaller cell expansion rate and

smaller volume of expanded cells of tobacco growing in culture

medium under osmotic stres30). Tobacco cells decreased their e thank the co-workers of the Section of Quality of Plant

ability of the cell wall to expand despite osmotic adjustment Products for technical support: Gunda Jansen and Antje

and diversion of carbon away from the synthesis of cell wall wWulkow for cultivation, harvest, and sample preparation.

polysaccharides. Also, in other species, plant organs fail to

enlarge despite complete osmotic adjustment and reestablish-

ment of adequate turgor (37). Observations on NaCl-stressed-/ TERATURE CITED

cells growing in culture medium suggest that changes in

extensibility or other mechanical properties of the cell wall are

012345867 89101112
CI [mmol kg™ FM]

Figure 4. Relationship of fruit Na* and CI~ contents as affected by cultivar

(Elsanta: O, @; Korona: M, O0) and growing season (plants exposed for

1 year to NaCl: O, 0O0; plants exposed for 2 years to NaCl: @, H). The

regression lines indicate the relationship between Na* and CI~ incorpora-

tion irrespective of cultivar to show the effect of plant age on Na* uptake.
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