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Abstract. The effect of methyl jasmonate (MJ) on biochemical processes. In general, JA/MJ inhibit sto-
changes of oxygen-scavenging enzyme activities and matal opening, cell division, plant growth, photosyn-
membrane lipid composition was studied in strawberry thetic activities, flower bud formation, seed germination,
leaves under water stress. Under water stress, MJ treatand embryogenesis. In contrast, JA/MJ also has en-
ment reduced the increase of peroxidase (EC 1.11.1.7;hanced induction/promotion of leaf senescence and peti-
POD) activity, maintained higher catalase (EC 1.11.1.6; ole abscission, fruit ripening, chlorophyll degradation,
CAT) and superoxide dismutase (EC 1.15.1.1; SOD) ac- carotenoid biosynthesis, tuber formation, and protein
tivities, and ascorbic acid content. In addition, MJ treat- synthesis (Creelman and Mullet 1997, Davies et al. 1986,
ment reduced transpiration and membrane-lipid peroxi- Koda 1992, Sembdner and Parthier 1993, Yamane et al.
dation as expressed by malondialdehyde (MDA) content, 1981). Amelioration of chilling injury and osmotic
lessened the reduction of membrane lipids, glycolipids stresses by JA/MJ have also been reported on rice, pea-
[monogalactosyl diglyceride (MGDG), digalactosyl di- nut seedlings, and cucumbers (Lee et al. 1996, Pan and
glyceride (DGDG)], and phospholipids [phosphatidyl- Gu, 1995, Wang and Buta 1994).

choline (PC), phosphatidylethanolamine (PE), phos-  Water deficit is one of the main environmental factors
phatidylglycerol (PG), and phosphatidylinositol (PI)]. In limiting plant growth and crop production. Drought
water-deficit conditions, MJ treatment also alleviated the causes visible injury to leaves and induces stomatal clo-
decline in the degree of fatty acid unsaturation and the sure, leaf rolling, and osmotic adjustment. Water stress
ratio of linolenic (18:3) to linoleic acid (18:2). These also accelerates the decline in chlorophyll and protein
results indicate that MJ treatment appears to alter the content, negatively alters both the structure and function
metabolism of strawberry plants rendering the tissue bet- of membranes, and increases the activities of active oxy-
ter able to withstand water stress. gen scavenging enzymes (Baisak et al. 1994, Navari-1zzo
et al. 1989). A substantial number of drought effects on
plants can be mimicked by external application of absci-
sic acid (Davies et al. 1986). Jasmonates are biologically
similar to abscisic acid and, when exogenously applied to
plants, elicit a great variety of morphological and physi-
ological responses to stress (Creelman and Mullet 1997,
Davies et al. 1986, Koda, 1992, Lee et al. 1996, Pan and
Gu 1995, Wang and Buta 1994, Yamane et al. 1981).
This study was undertaken to examine the effect of MJ
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Jasmonic acid (JA), 3-oxo-2-(2-cis-pentenyl cyclopen-

tane-1l-acetic acid), and its methyl ester (methyl jas-
monate, MJ) are naturally occurring plant growth regu-
lators, affecting a great diversity of physiological and
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on changes in transpiration, oxygen scavenging enzyme
activity, ascorbic acid content, and membrane lipids in
strawberry leaves subjected to water stress.

Materials and Methods
Plant Material and Jasmonate Treatments

Plants ofFragaria vescacv. “EMb” were propagated by runner cut-
tings and were 3 months old with five expanded leaves when the
experiments were started. The plants were grown in plastic pots (6.5 x
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8.25 cm; E. C. Geiger, Inc., Harleysville, PA) containing Pro-Mix BX  Peroxidase (POD).Strawberry leaf tissue (1.0 g original fresh
(Premier Brands, Inc., Stamford, CT) in a greenhouse. Radiation weight) was homogenized using chilled mortars and pestles in 5-mL
sources in the greenhouse consisted of natural daylight and incandes-extraction medium consisting of 0.1 M phosphate buffer (pH 6.1), 0.1
cent lamps that provided a PAR level of about 400 to 500 mM EDTA-Na,, and 10% (w/v) insoluble polyvinylpyrrolidone. The
wmol - m™2- s for 14 h/day (Bm—8rm). Day/night temperatures homogenate was filtered through four layers of miracloth, adjusted to
were about 25°C/20°C. All plants were watered daily and fertilized 10 mL with extraction medium, and centrifuged at 12,009 for 10
biweekly with a Peters nutrient solution (20-20-20, N-P-K). Methyl () min at 4°C. The extracted supernatant was used for the POD assay. The
jasmonate (Aldrich, Milwaukee, WI) was applied as a foliage spray to assay mixture contained 0.1 M phosphate buffer (pH 6.1), 4 mM guai-
runoff. acol as donor, 3 mM kO, as substrate, and 0.1 mL crude enzyme
extract. The total reaction volume was 3.0 mL. The rate of change in
absorbance at 420 nm was measured with a Shimadzu UV-160A spec-
trophotometer (Columbia, MD), and the level of enzyme activity was

Measuring the Effect of MJ on Transpiration of expressed as the difference in absorbance (OD) per milligram protein
Strawberry Plants per minute.

MJ at 0.01 or 0.1 mM plus 0.05% Tween-20 was applied to the foliage
at the beginning (day 0), the second, the fourth, and the sixth days of Superoxide Dismutase (SO§trawberry leaf tissue was immediately
the experiments. On the first, third, fifth, and seventh days, a subset of pulverized with a cold mortar and pestle with 0.1 M Na-phosphate
10 MJ-treated plants was removed from the pots, and the roots were buffer (pH 7.8) containing 0.1 mM EDTA-Naand 0.5% (w/v) in-
cleaned of soil. The plants were then placed in 20-mL deionizgd H soluble polyvinyl pyrrolidone. The ratio of the leaf tissue to the ho-
in test tubes (18 x 150 mm) (one plant per tube). To reduce water loss, mogenizing medium was 1:10 (w/v). The homogenate was strained
the test tube openings were sealed with parafilm. The amount of water through four layers of miracloth and centrifuged at 15,000 for 20
loss (mL) from plants during 24 h was measured. On termination of the min at 0°C. The supernatant was purified by gel filtration using Seph-
experiment, the fresh weight of foliage was determined and transpira- adex G-25 (Pharmacia, Piscataway, NJ) that had been equilibrated with
tion was expressed as a function of foliage fresh weight. extraction buffer. Naturally occurring reductants or antioxidants with
low molecular weight (Lee et al. 1986) were depleted by passing the
extract through a Centricon 10 molecular filter (Amicon, Danvers, MA)
before assay of the SOD enzyme activity.

Determining the Effect of MJ on Changes in Oxygen Total SOD activity was assayed photochemically (Giannopolitis and
Scavenging Enzyme Activity, Ascorbic Acid, MDA, and Reis 1977, Monk et al. 1987) on the basis of the photoreduction of nitro

o . - blue tetrazolium by light in the presence of riboflavin and methionine.
Membrane Lipid Content in Relation to Water Stress Nitro blue tetrazolium is reduced to blue diformazan, which has a

in Strawberry Leaves strong absorbance at 560 nm. Under aerobic assay conditions, SOD
inhibits the formation of blue diformazan. Dicoumarol was included in
MJ at 0.1 mM plus 0.05% Tween-20 was applied to the foliage at 2-day the reaction to inhibit reduction by pyridine nucleotide (Thayer 1990)
intervals for 8 days. Leaves were collected after 8 days. The technique and to obtain a completely Q-dependent reduction of nitro blue
used for inducing water stress was described by Apelbaum and Yang tetrazolium. The reaction mixture (1 mL) contained 104 dicouma-
(1981). Batches of excised fully expanded leaves from control and rol, 1.3 uM riboflavin, 13 mM methionine, 0.05 M N£O,, 0.01 M
MJ-treated plants were spread out on sheets of filter paper and allowed Na-phosphate buffer (pH 7.8), and 0.1 mL of the enzyme extract;
to wilt in a growth chamber (22°C) at 60% RH and about 100 to 200 after 3 min, 68 .M nitro blue tetrazolium was added. The mix-
pmol - m™2 - s of photosynthetic photon flux (PPF) provided by 20-  tures were illuminated by a fluorescent lamp (PPF was about 170
watt cool white fluorescent lamps. When the fresh weight loss in the mol- m™2 - s7%) for 3 min. Identical solutions kept in darkness served
leaves reached 15% of their original weight, the leaves were collected as blanks. One unit of SOD was defined as the amount of enzyme
and used for the measurement of enzyme activity, ascorbic acid, lipid required to produce a 50% inhibition of nitro blue tetrazolium reduction
peroxidation (MDA content), and membrane lipid content. under assay conditions (Beauchamp and Fridovich 1973). Because in-
hibition is not linearly correlated with SOD concentration, a V/v trans-
formation was used to obtain linearity (¥ basic reaction rate without
strawberry leaf extract, v= reaction rate with extract). Linear corre-
Catalase (CAT)Strawberry leaf tissue (1.0 g original fresh weight) lation gave the equation: SOD units/m 0.532 V/v—0.197) x dilution
was homogenized in 10 mL Tris-HCI buffer (pH 8.5) containing 5 mM  factor. The correlation coefficient for the line was 0.988.
dithiothreitol, 10% w/v polyvinylpolypyrrolidone (PVP), and 0.5 mM
phenylmethylsulfonyl fluoride (PMSF) (PMSF added just before ex-
traction) in chilled mortars and pestles. The homogenate was passed
through four layers of miracloth and centrifuged at 20,000 fer 30
min at 4°C, and CAT activity of the supernatant was determined by the
floating disk method (Nir et al. 1986). Ten microliters of each crude
enzyme extract was placed into 6-mm disks excised from Whatman
3-mm chromatographic paper, which was then placed in a vial con- Ascorbic Acid.One gram of leaf tissue was homogenized in 4 mL of
taining 5 mL of 30 mM HO, at 25°C. The elapsed time for the disks  cold 5% (w/v) trichloroacetic acid containing 80 mg polyclar AT and
to float from the bottom to the top of the solution was determined with 400 mg sea sand. The homogenate was filtered using four layers of
a stopwatch. Ten to 20 replicates of individual disks were used for each miracloth and centrifuged at 16,000pfor 10 min at 4°C. The super-
crude extract. The relative CAT activity was compared with a bovine- natant was used for the ascorbic acid assay after the procedure de-
liver CAT standard. One unit of CAT activity was equal tquinol of scribed by Arakawa et al. (1981). This assay is based on the reduction
H,O, degradation per min at 25°C. of ferric ion to ferrous ion with ascorbic acid in acid solution followed

Protein. Protein was determined according to Bradford (1976) with
bovine serum albumin as a standard.
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by the formation of red chelate between ferrous ion and 4,7-diphenyl-
1,10-phenanthroline (bathophenanthroline) that absorbs at 534 nm.

Extraction, Fraction, and Analysis of Polar Lipid&ethods for the
extraction, purification, fractionation and analysis of lipids were de-
scribed previously (Wang and Faust 1989). After purification, lipids
were concentrated under,Mnd then dissolved in 1 mL CHCIOne
tenth of this solution was used for determining lipid peroxidation by
measuring the formation of malonaldehyde (MDA)(Ottolenghi 1959).
The other parts of purified lipid were separated into neutral and polar
lipid (glyco-and phospholipid) fractions by silicic acid chromatography
on 100-200 mesh Bio Sil A (Bio Rad Laboratories, Richmond, CA).
Total glycolipids and phospholipids in the polar lipid fraction were

determined by the spectrophotometric assays of Roughan and Batt

(1968) and Ames (1966), respectively. The glycolipid and phospholipid
fractions were further separated by thin-layer chromatography on 20 x
20-cm glass plates precoated with 250+thick silica gel (EM Re-

agents, Darmstadt, Germany) using acetone: acetic acid: water (100:2:

1, viviv). Individual glycolipids and phospholipids were identified by
co-chromatography with authentic standards (Sigma Chemical Co., St.
Louis, MO; Supelco, Bellefonte, PA) and by detection with spray re-
agents specific for hexose sugars or phosphate. Individual lipid bands
were scraped and eluted in chloroform: methanol (2:1, v/v). Total fatty
acids were derivatized for flame ionization detection-gas chromatog-
raphy analysis (Wang and Faust 1989Heptadecanoic acid was in-
cluded in all samples as an internal standard, and methyl heptade-
canoate was used as an external standard. Individual fatty acid methyl
esters were identified by comparison of retention times with those of
authentic standards (Supelco). This tentative identification of major
polar lipid fatty acids was corroborated by further analysis of the fatty
acid methyl esters by gas chromatography-mass spectrometry (Wang e
al. 1988).

Statistical Analysis

The variables were analyzed as two-factor general linear models using
Proc Mixed (SAS Institute Inc, 1997) with Treatment x Day as the
factors for Fig. 1 and with Stress x MJ for Figs. 2 through 8 and Tables
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Fig. 1. Effect of MJ on transpiration of strawberrifragaria vescecv.

EMb) plants. Expressed as mL®- g fresh wt™ - day ™. MJ at 0.01

or 0.1 mM plus 0.05% Tween-20 was applied to the foliage at the
beginning (day 0), the second, the fourth, and the sixth days. On the
first, third, fifth, and seventh days, a subset of 10 MJ-treated plants
were removed from pots, and roots were cleaned of soil. The plants
were then placed in 20-mL deionized® in test tubes (one plant per
tube). To prevent water loss the mouths of the test tubes were sealed
around the plants with parafilm. The amount of water loss (mL) during
24 h was measured. On termination of the experiment, fresh weight of
the foliage was determined and transpiration was expressed as a func-
tion of foliage fresh weight. Within each treatment, transpiration values
among various days with different letters are significantly different at

{ =0.05. Within each sampling day, transpiration values among vari-

ous treatments with different italicized letters are significantly different
atp = 0.05.

plants also showed reduced transpiration (data not
shown).

Enzyme Activity, Ascorbic Acid, and MDA Content

1 and 2. The means were compared using pair-wise contrasts. In Fig. 6, \Water stress decreased CAT and SOD activities and in-
treatments were grouped into similar variance groups before analysis to creased POD activity (Fig. 2). The stress x MJ treatment
correct variance heterogeneity. Treatments with different letters were jnteractions for POD and SOD activities were statisti-
significantly different ap =0.01 or 0.05. cally significant p =0.001). MJ treatment significantly

(p =0.001) increased CAT and SOD activities whether
the leaves were from water-stressed plants or not. In
contrast, MJ treatment reduced POD activity under wa-
ter-deficit conditions but had no effect on POD activity
in unstressed plants (Fig. 2). Water stress and MJ treat-
ment also exhibited an interaction for MDA and ascorbic
acid content (Fig. 3). Water-stressed strawberry leaves
had increased membrane-lipid peroxidation as expressed
by MDA content and decreased ascorbic acid. MJ treat-
ment was effective in reducing membrane-lipid peroxi-
dation and preventing ascorbic acid loss (Fig. 3).

Results
Reduction of Transpiration

Foliar application of MJ reduced transpiration in straw-
berry plants (Fig. 1). The day x MJ treatment interaction
for reduced transpiration in strawberry plants (expressed
as a function of foliage fresh weight) was statistically
significant  =0.001). Control plants lost about 8 mL of
H,O per gram fresh weight per day, whereas plants
treated with 0.01 mM MJ lost only 6.48, 5.17, 3.70, and L
2.98 mL H,0 per gram fresh weight per day after 1, 3,5, Membrane Lipids

and 7 days of MJ treatment, respectively. Higher MJ (0.1 Water stress reduced both glycolipid and phospholipid
mM ) treatments further reduced water loss in plants content of strawberry leaves compared with nonstressed
(Fig. 1). Expressed on the basis of leaf area, MJ-treatedcontrols (Figs. 4 and 5). Application of MJ was effective
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Fig. 4. Effect of MJ treatment on glycolipid content in relation to water

. . stress in strawberry leaves. For details see Fig. 2.
Fig. 2. Effect of MJ treatment on enzyme CAT, POD, and SOD activ- y 9

ity in stressed and nonstressed strawberry leaves. MJ at 0.1 mM
plus 0.05% Tween-20 was applied to the foliage at 2-day intervals
for 8 days. The enzyme activity was determined when 15% fresh 300 F T
weight losswas reached. The CAT or SOD activity was expressed as
units- mg protein®, and POD activity was expressed A# - mg
proteir - min~™. Different letters indicate significant difference within
treatments ap =0.05.
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MDA Ascorbic acid
Il Control | | Stressed PE, PI (Table 2). Water stress also affected the fatty acid
MJ-Control N\ MJ-Stressed composition of strawberry leaves. In particular, water

stress decreased linolenic acid content, increased the lin-
Fig. 3. Effect of MJ treatment on MDA and ascorbic acid content in  Oleic and oleic percentages, and reduced the ratio of un-
stressed and nonstressed strawberry. For details see Fig. 2. saturated:saturated fatty acids in the leaves (Figs. 6 and

7). MJ was effective in lessening the decline in the un-

saturated:saturated fatty acid ratio [(18:1+18:2+18:3)/
in lessening the total amount of glycolipid and phospho- (16:0+18:0)] and in maintaining a higher percentage
lipid loss when water stressed. However, under normal of unsaturated membrane lipids under water stress
(nonstressed) conditions, MJ treatment had no effect onconditions in both glycolipids and phospholipids (Figs. 6
glycolipid or phospholipid content compared with con- and 7).
trols (Figs. 4 and 5). Polar lipid fatty acids included Under nonstressed conditions, MJ treatment increased
mainly palmitate (C16:0), stearate (C18:0), oleate (C18: 18:3 and decreased 18:2 lipids, resulting in an increased
1), linoleate (C18:2), and linolenate (C18:3). Linolenic fatty acid ratio of 18:3/18:2 in glycolipids (MGDG and
acid (C18:3) was the dominant fatty acid found in the DGDG) and phospholipids (PG, PC, PE, PI) (Figs. 6 and
glycolipids MGDG and DGDG (Table 1). Palmitate 8). Under water stress conditions, strawberry leaves had
(C16:0), linoleate (C18:2), and linolenate (C18:3) were a decline in the 18:3/18:2 fatty acid ratio. However, MJ
the major fatty acids found in the phospholipids PG, PC, treatment effectively alleviated this decline (Figs. 6 and 8).



Reduction of Water Stress 131

Table 1. Effect of 0.1 nmu MJ treatment on fatty acid composition (weight percentage of total) of
glycolipids in water-stressed strawberry leaves. Means of different fatty acids separated by different
letters within a column for each individual glycolipid are significantly different at the 5% level.

Fatty acid (wt %)

Treatment 16:0 18:0 18:1 18:2 18:3
Monogalactosyl diglyceride
Control 8.28d 3.44b 2.76b 13.45b 72.07b
Stressed 20.51a 6.76 a 3.18a 15.21a 54.34d
MJ control 10.13¢c 3.10b 2.35c 8.56 ¢ 75.86 a
MJ stressed 17.74b 6.11a 3.07 ab 12.53b 60.55 ¢
Digalactosyl diglyceride
Control 12.67b 3.12b 4.49 a 12.14b 67.58 b
Stressed 17.19a 4.68 a 4.69 a 1454 a 58.90 ¢
MJ control 11.50c 2.19c 2.57c 9.95¢ 73.79 a
MJ stressed 13.01b 4,17 a 3.36b 12.95b 66.51b

Table 2. Effect of 0.1 nm MJ treatment on fatty acid composition (weight % of total) of phospholipids in water-stressed strawberry leaves. Meal
of different fatty acids separated by different letters within a column for each individual phospholipid is significantly different at the 5% level.

Fatty acid (wt %)

Treatment 16:0 18:0 18:1 18:2 18:3
Phosphatidylglyceride
Control 27.40c 5.65a 4.14 ¢ 26.13b 36.68b
Stressed 38.54 a 571a 5.13b 27.74 a 22.88d
MJ control 26.87 ¢ 3.78c¢c 6.46 a 24.04c 38.85a
MJ stressed 30.35b 4.65b 4.86 b 25.71b 34.43 ¢
Phosphatidylcholine
Control 23.68¢c 5.44 b 2.30a 12.00c 56.59 b
Stressed 29.66 a 7.83a 2.92a 19.14 a 40.45d
MJ control 21.95c 5.56 b 151b 9.98d 61.00 a
MJ stressed 27.05b 5.73b 2.68a 15.00b 49.54 ¢
Phosphatidylethanolamine
Control 24.06 ¢ 6.28 b 1.86b 27.48 c 40.32b
Stressed 29.89 a 7.47 a 3.34a 36.59 a 22.78d
MJ control 2252 ¢ 5.74b 2.15b 27.15¢c 42.44 a
MJ stressed 27.00b 7.18 a 2.30b 31.08 b 32.44c
Phosphatidylinositol
Control 40.75 ¢ 471c 0.52b 13.49c¢ 40.44 b
Stressed 4494 a 6.86 a 0.63b 21.43a 26.14d
MJ control 38.46 d 424 ¢ 0.48b 11.56 ¢ 45.26 a
MJ stressed 42.47b 5.14b 0.98 a 18.43b 32.98¢c
Discussion (Leshem et al. 1994, Satler and Thimann 1981). There-

fore, MJ produces a wider variety of stress-associated
Transpiration in strawberry plants was significantly re- manifestations than abscisic acid, including reduction of
duced by foliar application of MJ. MJ appears to alter the transpiration (Leshem et al. 1994).
metabolism of strawberry plants so that they can better Oxidative stress leads to the formation of reduced oxy-
withstand water stress. MJ has been shown to inhibit gen species such as hydrogen peroxideQ}H) and su-
stomata opening in barley (Horton 1991). Our data indi- peroxide radicals (§). These species can lead to the
cate that MJ has an advantage in transpiration control formation of damaging free radicals that cause lipid per-
and this may be due to biophysical and structural modi- oxidation and denaturing of protein. CAT and POD are
fications such as changes in stomatal guard cell mem- oxidative enzymes. Burris (1960) reported that CAT en-
brane properties (Leshem et al. 1994). It has been re-sures the removal of hydrogen peroxide, thus supplying
ported that unlike abscisic acid, MJ is photostable and free O, and detoxifying harmful metabolic products.
does not undergo ultraviolet-induced photoinactivation PODs are involved in a large number of biochemical and
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stressed strawberry leaves. For details see Fig. 2.

Fig. 6. Effect of MJ on fatty acid ratio, U/S [(18:1+18:2+18:3)/(16:
0+18:0)] or (18:3)/(18:2), of MGDG and DGDG in water-stressed and
nonstressed strawberry leaves. For details see Fig. 2.

physiologic processes (Yip 1964) and may change quan-
titatively and qualitatively during growth and develop-
ment (Shannon 1969). The mode of action of POD on the &
H,0, substrate differs from CAT in that POD liberates
free radicals rather than oxygen. These free radicals ares
highly phytotoxic. The HO, formed by POD may be
scavenged by CAT. Water stress decreased CAT and
increased POD activity, thus triggering an increased for-
mation of the superoxide radical {Pand hydrogen per-
oxide (H,0,), both of which can inactivate SH-
containing enzymes. MJ treatment significantly in-
creased CAT activity and reduced POD activity.

SOD is one of the metal-containing proteins that scav-
enge superoxide radicals. The mechanism of SOD action [ control | | Stressed
involves an alternating reduction and oxidation of the
metal associated with the enzyme. SOD catalyzes theFig. 8. Effect of MJ treatment on fatty acid ratio, (18:3)/(18:2), of PG,
breakdown of @ to O, and H0,, removes singlet oxy- PC, PE, and |_3I in water-stressed and nonstressed strawberry leaves. Fo
gen as well as § prevents formation of OH(Fridovich details see Fig. 2.

1973), and has been implicated as an essential defense

mechanism against the potential toxicity of oxygen (Mc-

Cord 1979). Reduction in SOD activity induced by water a scavenger of hydroxyl radicals (Halliwell and Gut-
stress also favors accumulation of @nd H0,. Thus, teridge, 1985). Strawberry leaves under water stress re-
the elevated levels of both;@&nd H,0O, could impair the duced the amount of ascorbic acid and exhibited an in-
O; scavenging system of cells and lead to the production crease in membrane-lipid peroxidation as expressed by
of highly active hydroxyl radicals (OH. The hydroxyl MDA content. MJ treatment reduced MDA content and
radical can in turn initiate the peroxidative destruction of maintained a higher amount of ascorbic acid under water
lipids with consequent membrane damage. The accumu-stress. These results suggest that under water stress, M
lation of H,O, could also lower SOD activity. MJ treat- can induce antioxidant defense activity in plants to re-
ment significantly increased SOD activity in the leaves move the possible toxic effects of free radicals, making
from water-stressed plants. the plants more resistant to water stress.

Ascorbic acid is an antioxidant and is present in high  Cell membranes play an important role in the regula-
amounts in strawberry leaves. A high level of ascorbic tion of plant metabolism (Hellergren et al. 1984). The
acid is necessary for a plant’'s defense against water-structure and composition of membranes vary with vari-
deficit conditions because ascorbic acid, in addition to its ous physiological and environmental conditions. In
role in the HO, detoxification cycle, can directly act as  strawberry leaves, MGDG and DGDG were the major

3)(18:2)

io (18

Fatty acid rat

MI-Control @ MI-Stressed
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