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Abstract. The effects of kinetin (6-furfurylaminopu-  port problems have hindered the establishment of plan-
rine) on viability during storage of recalcitrant s&ho- tation and species trials (Tompsett 1985). These prob-
rea robustaGaertn. f.) seeds at low temperature (15°C) lems indicate the importance of developing methods for
were investigated. The freshly mature sal seeds showedextending the storage life of the seeds.
an absolute loss of viability within 6—7 dah (days after Like many other recalcitrant seeds, sal seeds do not
harvest) when stored at ambient or at 15°C (control). show maturation drying. They are shed from the parent
Storage of these seeds at 15°C after kinetin (10 ppm) plant at high moisture content (42-49%). The recalcitrant
treatment prolonged the viability period up to 35 days nature of sal seeds excludes all traditional methods of
with 20% germination. The kinetin-treated seeds exhib- storage. The rapid loss of moisture content and concomi-
ited 100% germination up to 10 days compared with 3 tant loss of germination, particularly below the relatively
days in controls. Measurements of leachate conductivity, high LSMC (lowest safe moisture content) value, in al-
"0 and lipid peroxidation registered gradual increases most all recalcitrant seeds, has posed a great challenge i
from O dah onward to 35 dah with significantly low tnejr storage (Chin and Roberts 1980). Because the
levels compared with controls. On the other hand, an physiology of development and storage of recalcitrant
enormous increase in superoxide dismutase activity wasggeqs (Berjak et al. 1990) are altogether different from
discernible for a longer duration (0-35 dah) in kinetin- 5se of orthodox seeds, attempts have been made to
treated seeds than in control seeds where it remained fordevelop new storage methods. The temperate-recalcitrant
3 dah: The role of kinetin in prolong_ing seed. via.bilit_y by species, such a@uercusand Aesculushave seeds that
reducing th? loss of Ieachates,_ lipid perQX|d.at|o®2, cannot be dried at all, but they can be stored for several
and enhancing of superoxide dismutase is discussed. years (1-3 years) at near freezing temperatures (3 to
—3°C) with marginal loss in viability (18—-35%) (Bonner
and Vozzo 1987, Tylkowski 1984). On the other hand,
the seeds of tropical recalcitrant species have the same
high moisture requirement as the temperate-recalcitrant
species, but they are sensitive to low temperature (Chin
and Roberts 1980, Yap 1986). Even short periods of
Sal (Shorea robust&aertn. f.) makes up almost 14% of = gtorage at chilling temperatures will cause rapid loss of
the total forest cover of India (Joshi 1980). It is valued viability. Included in this group are mar§horeaspecies
for its timber and for the oil from its seeds. The seeds are (Purohit et al. 1982, Yap 1986)heobroma cocoéing
short lived under natural conditions; storage and trans- ;54 Roberts 1979Hopeaspecies (Song et al. 1984), and
several tropical forest tree seeds (Chin and Roberts
1980).
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Abbreviations: LSMC, lowest safe moisture content; SOD, superoxide il ; _
dismutase; RH, relative humidity; DW, distilled water; TBRS, thiobar- In general, the Vlablllty of most of the trOplcal recal

bituric acid-reactive substance(s); MDA, malondialdehyde; FW, fresh C_ltrant seed species can be prolonged, for a I'Tlted pe-
weight; PVP, polyvinylpyrrolidone 40; dah, days after harvest. riod, when stored at low temperatures (13-15°C). For

*Author for correspondence. example, sal seed viability was extended over a period of
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30-50 days (30-60% viability) (Tompsett 1985), 30 days Pretreatment of the Seeds and Their Storage

(40% Viabi“ty) (PurOhit et al. 1982)’ 49 days (35% vi- The calyces of the seeds were plucked manually, and the healthy and

ability) (Khare et al. 1987), and ];8 days (35% viability)  yninfected seeds of uniform size were sorted out. About 8,000 seeds
(Tompsett 1985) at 13°C. The difference in the prolon- from the freshly harvested seed lot were divided into four lots of 2,000

gation periods could be the result of either the source seeds each. Nearly 50 seeds from the lot were separated, and their
(provenance) from which the seeds were collected or the initial mojsture content was det_ermined. Three S(_eed Iots were pre-
initial viability. A similar conclusion was drawn by Ellis ~ réated with 5, 10, and 20 ppm kinetin (6-furfurylaminopurine; Sigma)

. L for 8 h. Simultaneously, the fourth seed lot was treated with distilled
e_t al. (1990) n regard to the sensitivity of S_ee_d lots from water fa 8 h and used as a control. All of these seed lots were then
different provenances to damage due to chilling and des- gried to their initial moisture content and stored in separate trays at
iccation. Further, in extension experiments, no record of 15°C + 2°C and 40-45% relative humidity (RH) in a biological incu-
the percent of moisture content at low temperatures was bator (Sico, India). Seeds were harvested regularly to carry out various
made, which is vital in desiccation-sensitive recalcitrant analyses.‘ The biochemica_l analyses Wgre performed on the embryonic
seeds, with the exception of the study by Tompsett \"’/‘;ismty?g:w?;i tlhgzg;ca“o” of the major changes during the loss of
(1985), who reported 41% moisture content on the 18th '
day.

The freshly mature sal seeds (Chaitanya and Naithani Germination

1994) CO”eC.ted from the Rajpur .and Bastar diSFri.CtS Seeds were surface sterilized with Hg@0.1%) washed thoroughly
(among the richest sal forests in India) showed negligible ¢y, e imes with distilled water (DW), allowed to imbibe DW for
extension of viability when stored at 15 + 2°C (unpub- 24 h, and germinated on water-saturated filter paper in Petri dishes.
lished). Hence, an attempt has been made to prolong theGermination was scored every 24 h as radical emergence to 5-7 mm.
viability by using phytohormones. Saha and Takahashi Linear regression of probit percentage germination against moisture
(1986) were the first to speculate on the role of auxin and content percentage was performed per Finney (1971).
kinetin in prolonging the viability ofS. robustaPhyto-
hormones, particularly cytokinins, have been considered
the most effective hormones in delaying senescence
(Nooden 1980). The basic biochemical phenomena op- The moisture content (percent fresh weight basis) of the seeds was
erating during senescence and/or seed aging appear to b@etermined using the formula given by the International Seed Testing
similar at the cellular level. Therefore, in the present Association (1985).
study an attempt was made to assess the capacity of
cytokinin to prolong the viability in sal seeds. We have
reported previously that membranes are the key sites of
injury in naturally aging sal seeds (Chaitanya and Naith- The leachates were collected aftgr 24 h of impi_bition of w_aFer by_ the
ani 1994). Enhanced leakag®y, and lipid peroxidation seeds a_n_d estimated by measuring the specific conductivity using a
were shown to be closely related to desiccation-induced conductivity meter (Systronics).
deterioration in the sal seeds. The role of cytokinin in
scavenging-O; (Lesham 1987) and maintaining high | inig peroxidation
activity of scavengers is well established. Therefore, in

Moisture Content

Leakage Loss

the present study efforts were also made to assess théipid peroxidation was measured as the concentration of thiobarbituric
acid-reactive substances (TBRS), equated with malondialdehyde

bIO.Chemlcal b.a.SIS of prolong!ng Seed. viability by.mom_ (MDA) (Heath and Packer 1968), and expressedgag/g FW of the
toring the aCt'Y'ty O_f superoxide and |ts_scaveng|ng. en- sample as described elsewhere (Chaitanya and Naithani 1994).
zyme superoxide dismutase (SOD) during seed aging.

Superoxide Determination

Weighed amounts of embryonic axes were homogenized in cold (0-
4°C) sodium phosphate buffer, (M pH 7.2) containing diethyl di-
thiocarbamate (1§ m) to inhibit SOD activity. The homogenate was
Collection of Seed centrifuged immediately for 1 min at 5,36gxIn the supernatant, the
superoxide anion-Q3) was measured by its capacity to reduce nitro
blue tetrazolium (2.5 x 1@ m). The absorbance of the end product was

In this study, the seeds were collected from Gariyabandh Forest (90 km measured at 540 nmO; formation was expressed A#\,,/min/g FW
away from Raipur). The forest is situated to the northeast of Raipur and of the sample.

lies between 20°38| latitude and 82°04 longitude. Its elevation is

306 meters above sea level. Nearly 25-30 trees in the forest were

marked for collection of fruits and seeds. Fully mature seeds (showing SOoD Activity

100% germination within 40—48 h) of sal 63 days after anthesis were

collected and brought to the laboratory within 4-5 h (Chaitanya and Weighed amounts of embryonic axes were homogenized in ice-cold 0.2
Naithani 1994). M borate buffer, pH 7.4 (sodium tetraborate plus boric acid) containing

Materials and Methods
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Table 1. Dose response of different kinetin concentrations on the vi- % Moisture (fw basis)
ability of sal seeds. 45l” ' T )

% Germination EZZ Control

Kinetin —+ Kinetin

Days after ~ Control
harvest (DW?) 150 5 ppm 10 ppm 20 ppm

0 100 100 100 100

1 100

2 100 |

3 100 2k

4 100 -

5 60 +5.0 80+50 100 100 Z

6 40 Fi 1 Z 21127 £ I R Y U O (YT Y Y S O VA TG VAN S O S S BOUU

7 20 0 5 10 15 25 35

8 0 Days After Harvest
10 0 100
15 0 40 +5.0 80+5.0 50+5.0 Fig. 1. Decline in percent moisture content with age in control and
25 0 0 40 20+3.53 kinetin-treated sal seeds at 15°C. Each value is the mean of 50 obser-
35 0 0 20 0 vations.Vertical barsrepresent + S.D.

2DW, distilled water.

, , _ ment resulted in a delay in the desiccation of the sal
25% PVP (polyvinylpyrrolidone 40). The homogenate was centrifuged seeds. The kinetin-treated seeds exhibited a gradual de-
at 17,890 g for 10 min. The supernatant was subjected to acetone . _ . . 0
precipitation at 0-4°C (Naithani 1987) and again centrifuged at 5,367 C|Ir;1€ n th% percgnt mOISt.uI:e content fr(?m O. (42%) t%35
xg for 3 min. The pellet was resuspended in sodium phosphate buffer da (19-2/‘_’) (Fig. 1), wit LSMC 37% (Fig. 2). The
(0.02 M, pH 6.4) and used as an enzyme source. SOD activity was PErcent moisture content was reg|5tefed to be 34% on 15
determined by measuring the inhibition of pyrogallol autoxidation at dah, when percent germination declined to 80%. Later
420 nm and quantified by the method of Marklund and Marklund on, by 25 dah, the percent moisture content declined to
(1974). SOD activity was expressed as units of SOD"f‘ngﬁl FW of 28.6% and to 19% on 35 dah, at the end of the study. In
the sample (embryonic axes). All spectrophotometric analyses were e yinetin-treated seeds, a linear relationship was estab-
carried out using a 160-A UV-visible spectrophotometer (Shimadzu). lished between the probit viability and the percent mois-

ture content, expressed by the regression lhe=

Results -58.0548 + 3.83% A close correlation was established
Dose Response: Percent Germination between probit viability of kinetin-treated seeds and their

L . ercent moisture contents € 0.97;p < 0.001) (Fig. 2).
The germination response of the sal seeds to varlousp € P ) (Fig. 2)

doses of kinetin treatment (5, 10, 20 ppm) was evaluated

(Table 1). Of all of the treatments, the maximum re- Leakage Loss
sponse was observed in seeds treated with 10 ppm kine- 9
tin; that is, the germination was extended up to 35 days Kinetin treatment not only delayed the leakage from the
after harvest (dah) (with 20% germination). Even 100% sal seeds with aging but also reduced the extent of leak-
germination was observed up to 10 dah in kinetin-treated age (Fig. 3) during imbibition. Control seeds recorded a
seeds compared with 4 dah in control seeds stored at10-fold increase in leachate conductivity in 10 days,
15°C. Although the 5 ppm and 20 ppm kinetin-treated whereas the kinetin-treated seeds exhibited a 6-fold in-
seeds also exhibited germination on 15 dah, it was only crease in 35 days. Kinetin treatment reduced the leakage
40 and 50%, respectively. In the 5 ppm kinetin-treated loss by more than 20%. The maximum specific conduc-
seeds, the percent germination declined from 100 to 80%tivity of the leachates from kinetin-treated seeds was
by 5 dah and to 40% on 15 dah. In the 20 ppm kinetin- observed to be 0.73whos on 35 dah. By 10 dah, when
treated seeds, 100% germination was recorded up to 5the leachate conductivity of the control seeds was 0.96
dah. The percent germination declined to 50% by 15 dah. mmhos, the leachate conductivity of kinetin-treated seeds
Hence, 10 ppm kinetin was chosen for further experi- was only one fourth of that in control seeds, 0.28hos.
ments.

Moisture Content Lipid Peroxidation

A rapid decline in the percent of moisture content (Fig. Lipid peroxidation/accumulation of TBRS in the kinetin-
1) in the control seeds was discernible from O to 10 dah treated seeds exhibited a trend similar to that in the con-
(from 42.2 to 16.7%, respectively), whereas kinetin treat- trol seeds (Fig. 4). The accumulation of TBRS in the
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Fig. 2. Decline in percent germination with lowering moisture content
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in kinetin-treated sal seeds. Each value is the mean of 50 observations.Fig. 4. Changes in lipid peroxidation activity in the embryonic axes of

Vertical barsrepresent + S.Dinset,positive correlation between probit
germination and percent moistune £ 0.97,p < 0.001).
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Fig. 3. Loss of electrolytes from kinetin-treated and control sal seeds.

Each value is the mean of 50 observatiovisrtical barsrepresent +
S.D.

control seeds was rapid and high, from 0.21/g FW (0

control and kinetin-treated sal seeds. Each value is the mean of six
observationsVertical barsrepresent + S.D.
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Fig. 5. Changes in the level of superoxide radicals in the embryonic
axes of control and kinetin-treated sal seeds. Each value is the mean of
six observationsVertical barsrepresent + S.D.

dah) to 1.45/g FW (10 dah), whereas the accumulation of superoxide radicals in the kinetin-treated seeds was rela-
TBRS in kinetin-treated seeds was relatively slow; on 10 tively gradual and not as abrupt as in the control seeds.

dah, it was only 0.8/g FW (1.5 times less than that in
control seeds). The magnitude of TBRS in kinetin-

treated seeds on 35 dah was equivalent to that of the

control on 10 dah.

Superoxide Liberation

Kinetin not only reduced theO; level but also delayed
(up to 15 dah in treated seeds) the accumulatiorO3f
compared with 7 dah in control seeds (Fig. 5). In the

SOD Activity

Kinetin not only enhanced the levels of SOD but also
maintained higher SOD activity for a longer duration
(Fig. 6). The kinetin-treated seeds registered peak activ-
ity on 10 dah, with almost a 1.5-fold increase compared
with the control on 3 dah. The pattern of changes in the
SOD activity was, however, similar in both control and

control seeds, a sixfold increase was recorded within 7 kinetin-treated seeds. A sharp increase in SOD activity
dah, whereas the kinetin-treated seeds showed only a(maximum activity of 1.15 units/mg of protein on 10
twofold increase in the same period. The liberation of dah) was followed by a sharp decline on 15 dah (0.593
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been noted during storage at 15°C in the kinetin-treated
sal seeds. The proposal that decreased membrane integ
rity and the occurrence of membrane lesions might play
a significant role in the deterioration of seeds (Harman
and Mattick 1976, McKersie and Stinson 1980, Se-
naratna and McKersie 1983) has been supported by re-
cording enhanced solute leaching accompanying a fall in
germinability/viability in other seeds (Bewley 1986, De-

] 2Units of SOD/mg Protein

2
ez

—— Kinetin

Control

200
0.4 2 g louche 1969, Parrish and Leopold 1978, Roberts 1979)
g L and in deteriorating sal seeds (Chaitanya and Naithani
é g % 3 1994, Nautiyal and Purohit 1985, Yadav et al. 1987). The
A % L data reported in Fig. 3 confirm that the desiccation-
0 o 5 10 15 20 25 30 35 induced loss of sal seed viability may be caused by mem-

brane perturbations as a rapid increase in leachate con-
ductivity was recorded in untreated sal seeds. Substantial
Fig. 6. Changes in SOD activity in the embryonic axes of control and suppression of this deleterious effect (reduced levels of
kinetin-treated sal seeds. Each value is the mean of six observations.|leachates up to 35 dah) as a result of seed pretreatment
Vertical barsrepresent + S.D. with kinetin suggests that kinetin may have induced tol-
erance to desiccation-sensitive seeds by retaining the
membrane integrity.

Several reports (Dey and Mukherjee 1988, Simon
1974, Wilson and McDonald 1986) have concluded that
a close correlation exists between membrane permeabil-
ity and lipid peroxidation. Stewart and Bewley (1980)
have shown an increase in the leakage of metabolites
from aged soybean axes with lipid peroxidation. In ki-
Freshly harvested sal seeds, with 42% moisture whennetin-treated sal seeds, lipid peroxidation was observed
stored at ambient conditions (Chaitanya and Naithani to occur more slowly than in untreated seeds (Fig. 4). In
1994) and 15°C (Table 1), lose viability after 4 dah. addition, kinetin-treated seeds also exhibited lower levels
Pretreatment of seeds with kinetin averted the loss of of lipid-peroxidized products up to 25 dah. Theories on
germinability when seeds were stored at 15°C. However, the mechanism of lipid peroxidation suggest that fatty
no improvement was recorded when the kinetin-treated acids having two or more unsaturated bonds are prone to
seeds were kept at ambient temperature (unpublished). Infree radical attack (Funes and Karel 1981, Gutteridge and
kinetin-treated sal seeds, 100% viability was recorded up Halliwell 1990, Pauls and Thompson 1981, Roubal
to 10 dah; and even at 35 dah, the germination was 1970). In the present study, measurements of oxygen free
registered to be 20%. Because the moisture content inradicals in control and kinetin-treated seeds showed sig-
desiccation-sensitive sal seeds is closely associated withnificantly higher levels and rates in untreated control
germination (Chaitanya and Naithani 1994), the retention seeds (Fig. 5). Free radical-mediated damage to macro-
of a high moisture content (LSMC 37%) up to 10 days in molecules, as well as membrane lipids in seeds, is pro-
kinetin-treated seeds, for a longer duration, is of utmost posed (Desai and Tappel 1965, Halliwell and Gutteridge
importance. For example, the nonviable untreated sal 1984, Pan and Yau 1991). Harman and Mattick (1976)
seeds retained only 17% moisture content on 10 dahhave suggested that free radicals might interact with the
when stored at 15°C, whereas a relatively very high membrane phospholipids and lead to their deesterifica-
moisture content, near 37%, was retained in kinetin- tion, thus resulting in the accumulation of fatty acids and
treated seeds of same age. Even on 35 dah, the moisturéncreased membrane dysfunction (Hoekestra et al. 1989,
content was around 20% and so was the percent germi-Senaratna et al. 1984, 1985). Loss of desiccation toler-

Days After Harvest

units/mg of protein), and thereafter the decline was
gradual up to 35 dah (0.32 units/mg of protein).

Discussion

nation (20%). It appears that kinetin treatment offers a
means of retaining high moisture for longer period in sal
seeds, thus prolonging their viability. Furthermore, the
linear relationship between probit viability and loss of
moisture, which is an important feature of all desicca-
tion-sensitive/recalcitrant seeds (Berjak et al. 1990,

ance during germination was accompanied by a fourfold
increase in the accumulation of MDA, a measure of per-
oxidative damage to lipid acyl chains (Leprince et al.
1990). Our data therefore indicate that catabolic pro-
cesses, like superoxide-mediated lipid peroxidation,
were reduced drastically in kinetin-treated seeds. Al-

Finch-Savage 1992, Pritchard 1991, Probert and Longley though the levels of lipid peroxidation an@; increased

1989) has been observed to hold true even in the kinetin-

treated sal seeds (Fig. 2).
A variety of physiologic and biochemical changes has

throughout the analysis period even in the kinetin-
pretreated seeds, these changes were much more pro
nounced in untreated seeds. Thus, it is suggested that
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kinetin is effective in maintaining seed viability, at least Bewley JD (1986) Membrane changes in seeds as related to germina-
up to 35 dah, by reducing the accumulation of superox- tion and the perturbations resulting from deterioration in stor-

; ; ; ; : ; age. In: Physiology of seed deterioration. Crop Science Society
ides possibly by reducing the liberation of @dical, by of America, special publication 11, pp 27-45

scavenging the radical (LeSham 1987) or by maintaining Bonner FT, Vozzo JA (1987) Seed biology and technolog@woércus.

hlg_her levels of scavenging enzymes, thus reducing _the USDA Forest Service general technical report SO-66. South

series of consequences resulting from increased oxida- Forest Experiment Station, New Orleans, LA, pp 12-14

tive stress by O3 in sal seeds. Bowler C, Alliote T, De Loose M, Van Montagu M, Inzze D (1989)
Significantly higher levels of SOD were recorded in Induction of manganese superoxide dismutase in response to

kinetin-treated seeds than in untreated seeds of sal. It is stress inNicotiana plumbaginifoliaEMBO J 8:31-38

apparent that substantially higher levels of SOD in kine- Casano LM, Martin M, Sabater B (1994) Sensitivity of superoxide

tin-treated sal seeds for extended duration could be the d|smut_ase transcript levels and :_jlctwmes to oxidative stress is
lower in mature senescent than in young leaves. Plant Physiol

cause 01_‘ correspondlngly reduced Iev_els-@E in these_ 106:1033-1039

seeds, finally leading to the suppression of the chain of chajtanya Ksk, Naithani SC (1994) Role of superoxide, lipid peroxi-
events mediated O5: lipid peroxidation, leakage loss, dation and superoxide dismutase in membrane perturbation dur-
and increased membrane permeability. Enhanced levels ing loss of viability in seeds oBhorea robustaaertn. f. New

of SOD caused by synthesis (Bowler et al. 1989, Casano Phytol 126:623-627

et al. 1994) or activation of preexisting inactive SOD Chin HF, Roberts EH (1980) Recalcitrant crop seeds. Tropical Press,
have been discussed amply in relation to tolerance during SDN, BDH Kuala Lumpur, Malaysia, pp 53-89

water stress, desiccation, etc. Highly reduced levels of Pelouche JC (1969) Planting seed quality. Proceedings of the 1969
beltwide cotton production and mechanization conference. New

SOD for a short span (up to 3 dah) in naturally aging sal Orleans, LA, pp 16-18
seeds have been correlated with a rapid loss of viability pesai b, Tappel AL (1965) Damage to proteins by peroxidized lipids.
(Chaitanya and Naithani 1994). J Lipid Res 4:204

Considering the physiologic and biochemical changes Dey G, Mukherjee RK (1988) Deterioration of maize and mustard
analyzed in the kinetin-treated sal seeds, it can be con- seeds: Changes in phospholipid and tocopherol content in rela-
cluded that kinetin inhibits/reduces the damage to mem- tion to membrane leakiness and lipid peroxidation. Agro-

chemica 32:430-439
Ellis RH, Hong TD, Roberts EH (1990) Effect of moisture content and
method of rehydration on the susceptibility of pea seeds to

branes by effectively suppressing oxidative stress due to
superoxide-mediated lipid peroxidation of membrane

lipids by_ en_hancmg SOD activity for extended periods. imbibition damage. Seed Sci Technol 18:131-137

These kinetin-induced changes finally lead to decreasedFinch-Savage WE (1992) Embryo water status and survival in the
peroxidation of phospholipid moieties, perhaps making recalcitrant specieQuercus roburl.: Evidence for an actual
these hydrophilic sites available for binding water mol- moisture content. J Exp Bot 43:663-669

ecules and causing the retention of a higher moisture Finney DJ (1971) Probit analysis. 3rd ed. Cambridge University Press,
content. Restoration of these phospholipid groups by Cambridge, p 333

lower rates of |ipid peroxidation in kinetin-treated sal FunesJ, Karel M (1981) Free radical_ p_o_lyme.rizati'on apd Iipiq binding
seeds appears to be the plausible cause for maintaining of lysozyme related to peroxidizing linoleic acid. Lipids 16:

hiah . : ) . . 347-350
Igher moisture content E.ISS.O.CIated with deSIC.Catlon. tol- Gutteridge JMC, Halliwell B (1990) The measurement and mechanism
erance and pr0|onQEd Vlab”'ty' From these Investiga- of lipid peroxidation in biological systems. Trends Biochem Sci
tions, kinetin appears to be a promising growth regulator 15:129-135

to enhance the storage potential of true recalcitrant seeds4alliwell B, Gutteridge JMC (1984) Lipid peroxidation, oxygen radi-
in general and sal seeds in particular. However, the exact cals, cell damage, and antioxidant therapy. Lancet, 23 June,
mechanism by which the kinetin regulates the suppres- 1396-1397

chemicalicellular changes in prolonging viability of re- - ;‘ie‘i)agl'(”g f?fQZZ?tg},Ntature 2%0:5’23_‘3_24| e chioronast

: : P ea , Packer otoperoxidation in isolated chloroplasts:
calcitrant sal seeds needs further investigation. Kinetics and stoichiometry of fatty acid peroxidation. Arch Bio-
chem Biophys 125:189-198
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