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Abstract. The endogenous levels of abscisic acid 
(ABA) in zucchini squash were increased by tem- 
perature conditioning at 10~ for 2 days. This tem- 
perature conditioning treatment reduced the sever- 
ity of chilling injury in the squash during subsequent 
storage at 2.5~ The ABA levels remained higher 
in t reated squash than in untreated samples 
throughout the storage. Direct treatments of squash 
with ABA at 0.5 and 1.0 mM before storage at 2.5~ 
increased ABA levels in the tissue and were also 
effective in reducing chilling injury. 

Certain fruits and vegetables are injured by low but 
nonfreezing temperatures (Hardenburg et al. 1986). 
Injuries by these chilling temperatures result in a 
loss of quality manifested as surface lesions, water- 
soaking, internal discoloration, uneven or incom- 
plete ripening, and decay (Saltveit and Morris 
1990). Thus, chilling injury limits the storage life of 
many horticultural commodities. The development 
of methods to alleviate chilling injury is needed to 
reduce postharvest losses of these commodities. 

The influence of plant growth regulators on the 
resistance of plants to low temperature injury, in- 
cluding chilling and freezing injury, has been re- 
ported (Carter and Brenner 1985, Irving 1969, Rikin 
et al. 1983). An increase in resistance to low tem- 
peratures has been associated with an increase in 
the ABA/gibberellic acid (GA) ratio (Waldman et al. " 
1975) or a decrease in GA content (Irving and Lan- 
phear 1968, Reid et al. 1974). Treatment with auxin 
reduced chilling-induced leaf wilting of sorghum 
seedlings (Tajima and Shimizu 1977). Applications 
of benzyladenine, GA, and 2,4-dichlorophenoxy- 
acetic acid significantly altered the susceptibility of 
grapefruit to chilling injury (Ismail and Grierson 
1977). The exposure of "Honey Dew" muskmelons 
to ethylene at 20~ for 24 h before storage at 2.5~ 

for 2.5 weeks significantly reduced the incidence of 
chilling injury (Lipton and Aharoni 1979). 

The beneficial effects of ABA treatment in reduc- 
ing chilling injury have been shown in grapefruit 
(Kawada et al. 1979), tomato seedlings (King et al. 
1982), cotton seedlings (Rikin et al. 1979, 1980), cu- 
cumber cotyledons and plants (Sasson and Bram- 
lage 1981, Semeniuk et al. 1986), and one cultivar of 
coleus (Semeniuk et al. 1986). There is increasing 
evidence that high endogenous levels of ABA are 
related to increased chilling tolerance. The protec- 
tion of rice seedlings and corn leaves against chill- 
ing injury by mefluidide was found to be mediated 
through its effect on ABA levels (Tseng and Li 
1984, Tseng et al. 1986, Zhang et al. 1986). Meflu- 
idide triggered an increase in endogenous ABA con- 
tent in maize leaves when the plants were grown in 
a nonchilling environment with adequate water sup- 
ply (Tseng et al. 1986). It was suggested that this 
increase in endogenous ABA before chilling may be 
an essential step in activating a protective mecha- 
nism against chilling injury during low temperature 
exposure (Tseng and Li 1984). This study was ini- 
tiated to determine if ABA is involved in the reduc- 
tion of chilling injury in zucchini squash treated 
with temperature conditioning, and if direct treat- 
ment of ABA would reduce chilling injury. 

Materials and Methods 

Plant Materials and Treatments 

Zucchini squash (Cucurbita pepo L. cv. Ambassador) were 
freshly harvested from a local farm near Beltsville, MD. Samples 
were selected for the uniformity of size (18--22 cm in length) and 
randomly divided into two groups. The first group was placed in 
storage at 2.5~ as a control. The second group was precondi- 
tioned at 10~ for the first 2 days of storage, and then moved to 
2.5~ for the remainder of the study. Relative humidity of the 
storage rooms was maintained at 95%. Three squash were re- 
moved from each storage group every 2 days for evaluation of 
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chilling injury and analysis of endogenous ABA'levels. The de- 
gree of chilling injury, as judged by the extent of surface pitting, 
was rated on a scale of 0 to 4:0 = no abnormality, 1 = trace, 2 
= slight, 3 = moderate, and 4 = severe chilling injury. Squash 
with a chilling injury index >3 were considered not marketable. 
In another experiment, freshly harvested zucchini squash were 
treated with exogenous ABA before storage at 2.5~ The squash 
were pressure infdtrated with ABA by immersing them in 0.5 or 
1 mM ABA [(m)-cis-trans isomer from Sigma Chemical Co.] so- 
lutions and subjecting them to 0.7 kg cm -2 of air pressure for 3 
min. The control fruit were similarly infdtrated with distilled 
water. 

Extraction and Analysis of ABA 

The zucchini squash flesh tissues (5 g) were ground with a 30 ml 
so lu t ion  c o n t a i n i n g  80% m e t h a n o l  and 10 mg 2,6- 
di-t-butyl-4-methyl phenol/L at 0~ using a Polytron homoge- 
nizer (Brinkmann Instruments). The homogenate was centri- 
fuged at 12,000 g for 20 min at 0*C. The pellet was reextracted 
twice more with fresh solutions. The pooled extracts were evap- 
orated under vacuum at 30~ to a 20 ml aqueous solution. An 
equal volume of 0.1 M phosphate buffer (pH 8.0) was added to 
the decanted supernatant. The pH of the solution was adjusted to 
8.0 with 1 N NaOH and then the solution was partitioned three 
times with an equal volume of petroleum ether. The pH of the 
aqueous solution was then acidified to 2.8 with 6 N HC1 and 
extracted three times with ethyl acetate. Hexane was added to 
the ethyl acetate fraction to make a hexane:ethyl acetate ratio of 
7:3. After centrffugation at 2000 g for 5 rain, the lower aqueous 
layer was discarded. The supernatant was then passed through a 
Baker-10 SPE 3-ml column prepacked with 500 mg of silica gel 
according to PoweU and Maybee (1985). ABA was eluted with 3 
ml of methanol:acetonitrile (1:3) and evaporated to dryness un- 
der N 2. An internal standard of 15,000 dpm [3H]ABA (22.5 Ci 
mmol- i, 1 Ci = 37 GBq) was used to determine losses during the 
purification procedure. Overall recovery was between 60 and 
70%. ABA was then methylated with ethereal diazomethane for 
gas chromatographic analysis. Ethereal diazomethane was pre- 
pared by reacting alcoholic alkali with N-methyl-N-nitro- 
so-N'-nitroguanidine in the presence of ether, and co-distilling 
the product using a hot water bath. The methylated ABA was 
evaporated to dryness under N z and then taken up with 100 p.l 
methanol. One microliter of the derivatized samples was injected 
into a Hewlett Packard 5890 gas chromatograph equipped with a 
63Ni electron capture detector for quantification of ABA. A 12.5- 
m capillary column (0.2 mm i.d.) coated with 0.33 I~m dimethyl 
silicone fluid was used. Helium at a flow rate of 1 ml/min was 
used as carrier gas and purified N2 was used as make-up gas. 
Chromatograph temperatures were as follows: injector 250~ 
detector 300~ and column 180-200~ programmed at 2~ 
A Pye Unicam model 104 gas chromatograph equipped with a 
0.46 m • 2.0 mm (i.d.) 3% OV 1 packed glass column and Kratos 
AEI MS 30 double-beam mass spectrometer was used to confirm 
the presence of Me-ABA (Wang et al. 1987)�9 

Results and Discussion 

Reduction of Chilling Injury by 
Temperature Preconditioning 
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Fig. 1. Development of chilling injury in zucchini squash with 
time of storage at 2.5~ Control fruit were stored continuously 
at 2.5~ Preconditioned fruit were held at 10~ for 2 days then 
stored at 2.5~ Bars indicate • SE. 

10~ fo r  2 d a y s  w a s  e f f e c t i v e  in r e d u c i n g  t h e  s y m p -  
t o m s  o f  ch i l l i ng  i n ju ry  (F ig .  I) .  S u r f a c e  p i t t i n g  o n  
t h e  s k i n  o f  s q u a s h ,  w h i c h  w e r e  n o t  p r e v i o u s l y  p r e -  
c o n d i t i o n e d ,  a p p e a r e d  a f t e r  4 d a y s  o f  e x p o s u r e  to  
c h i l l i n g  t e m p e r a t u r e  o f  2 .5~  T h e  s y m p t o m s  o f  
ch i l l i ng  i n j u r y  d e v e l o p e d  r a p i d l y  in t h e s e  s q u a s h  

a n d  t h e  s y m p t o m s  b e c a m e  v e r y  s e v e r e  a f t e r  8 d a y s .  
S q u a s h  w h i c h  h a d  b e e n  p r e v i o u s l y  c o n d i t i o n e d  d id  
n o t  d e v e l o p  ch i l l i ng  i n ju ry  s y m p t o m s  un t i l  a f t e r  6 
d a y s  at  2 .5~  T h e  r e d u c t i o n  o f  ch i l l ing  i n j u r y  b y  
p r e s t o r a g e  t e m p e r a t u r e  c o n d i t i o n i n g  has  a l so  b e e n  
s h o w n  in a n u m b e r  o f  o t h e r  f ru i t s  a n d  v e g e t a b l e s  

�9 ( H a t t o n  1990). H o w e v e r ,  t h e  m e c h a n i s m  o f  h o w  
th i s  t r e a t m e n t  r e d u c e s  ch i l l i ng  i n j u r y  is n o t  fu l ly  

u n d e r s t o o d .  

Effect of Temperature Preconditioning on 
ABA Levels 

T h e  e n d o g e n o u s  l e v e l  o f  A B A  in z u c c h i n i  s q u a s h  
w a s  i n c r e a s e d  by  t e m p e r a t u r e  p r e c o n d i t i o n i n g  a t  
10~ (Fig .  2). I t  is p o s s i b l e  t h a t  t h e  loss  o f  m o i s t u r e  
d u r i n g  2 d a y s  a t  10~ m a y  a l s o  c o n t r i b u t e  t o  t h e  
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Fig. 2. Effect of preconditioning treatment on the endogenous 
levels of ABA in zucchini squash. Bars indicate --- SE. 

increased accumulation of ABA. The ABA level 
was further enhanced when these squash were ex- 
PoSed to 2.5~ The ABA content continued to rise 
during storage. The preconditioned squash consis- 
tently had higher ABA levels than the untreated 
control throughout the 10-day storage period. In- 
creases in ABA concentrations have also been re- 
ported in several chilling-sensitive species after ex- 
posure to 10~ (Daie et al. 1981). Capell and D6rf- 
fling (1989) showed that the accumulation of ABA 
in chilled plant tissues was preceded by low tem- 
perature-induced water stress and suggested that 
low temperature stress induces a rise in ABA 
through the development of water stress. I t  has 
been demonstrated that plants accumulate ABA 
during wilt or under drought conditions (Wright and 
Hiron 1969). There is also evidence that chilling in- 
jury is reduced by the increased levels of endoge- 
nous ABA resulting from water stress (Eamus and 
Wilson 1983). ABA is known to induce stomatal 
closure (Cummins et al. 1971, Mittleheuser and van 
Steveninck 1969) and reduce water loss (James and 
Mansfield 1970). Since wilting is one of the symp- 
toms of chilling in some plants, the reduction of 
water loss should reduce the extent of chilling in- 
jury. 
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Fig. 3. ABA levels in zucchini squash during storage at 2.5~ 
after treatment with exogenous ABA. Bars indicate -" SE. 

Effect o f  ABA Treatment on Chilling Injury 

Pressure infiltration of 0.5 and 1 mM ABA in- 
creased ABA levels in zucchini squash (Fig. 3). 
These treatments also delayed the development of 
chilling injury symptoms (Fig. 4). Similar protection 
against chilling injury by ABA application has also 
been reported in grapefruit (Kawada et al. 1979), 
and seedlings of tomato, cotton, and cucumber 
(King et al. 1982, Rikin et al. 1979, Sasson and 
Bramlage 1981, Semeniuk et al. 1986). It has been 
suggested that the mechanism of ABA action in re- 
ducing chilling injury in plants might involve the 
stabilization of membranes (Markhart 1986). Flores 
et al. (1988) showed that terpenoid analogues of 
ABA reduced electrolyte leakage and the degrada- 
tion of phospholipids, particularly phosphatidylcho- 
line content. These ABA analogues also promoted 
proline levels and contributed to the maintenance of 
water status in cucumber seedlings (Flores et al. 
1988). Rikin et al. (1983) reported that the depoly- 
merization of the microtubular network was in- 
volved in the development of chilling injury in cot- 
ton seedlings, and ABA prevented chilling injury by 
stabilizing the microtubular network. This study 
showed that ABA levels in squash tissue can be 
augmented by temperature preconditioning treat- 
ment or by  direct infiltration of exogenous ABA. 
Higher ABA content in zucchinni squash tissue was 
also correlated with reduced chilling injury. Further 
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Fig. 4. Development of chilling injury during storage at 2.5~ 
after treatment with exogenous ABA. Bars indicate +-- SE. 

s t u d i e s  a r e  n e c e s s a r y  to  d e t e r m i n e  if  A B A  t rea t -  
m e n t s  a r e  e f f e c t i v e  in d e l a y i n g  ch i l l ing  in ju ry  o f  

o t h e r  f ru i t s  and  v e g e t a b l e s .  

Acknowledgments. My sincere thanks to Dr. T. Sun of the Food 
Safety Inspection Service, U. S. Department of Agriculture, 
Athens, GA, for his expert assistance on GC-MS analysis and to 
Ms. Hilarine Repace of Horticultural Crops Quality Laboratory, 
U. S. Department, Beltsville, MD, for her technical assistance. 
Mention of a company or product name by the USDA does not 
imply approval or recommendation of the product to the exclu- 
sion of others which may also be suitable. 

References 

Capell B, D6rffling K (1989) Low temperature-induced changes 
of abscisic acid contents in barley and cucumber leaves in 
relation to their water status. J Plant Physiol 135:571-575 

Carter JV, Brenner M (1985) Plant growth regulators and low 
temperature stress. In: Pharis AP, Reid DM (eds) Ency- 
clopedia of plant physiology, new series, Vol II. p 418 

Cummins WR, Kende H, Raschke K (1971) Specificity and re- 
versibility of the rapid stomatal response to abscisic acid. 
Planta 99:347-357 

Dale J, Campbell  WF, Seeley SD (1981) Temperature-  
stress-induced production of abscisic acid and dihy- 

drophaseic acid in warm- and cold-season crops. J Am 
Soc Hortic Sci 106:11-13 

Eamus D, Wilson JM (1983) ABA levels and effects in chilled 
and hardened Phaseolus vulgaris. J Exp Bot 34:1000-1006 

Flores A, Grau A, Laurich F, D6rffling K (1988) Effect of new 
terpenoid analogues of abscisic acid on chilling and freez- 
ing resistance. J Plant Physiol 132:362-369 

Hardenburg RE, Watada AE, Wang CY (1986) The commercial 
storage of fruits, vegetables, and florist and nursery 
stocks. US Dept Agr, Agr Handb 66, 130 p 

Hatton TT (1990) Reduction of chilling injury with temperature 
manipulation. In: Wang CY (ed) Chilling injury of horti- 
cultural crops. CRC Press, Boca Raton, FL, pp 26%280 

Irving RM (1969) Characterization and role of an endogenous 
inhibitor in the induction of cold hardiness in Acer ne- 
gundo. Plant Physiol 44:801-805 

Irving RM, Lanphear FO (1%8) Regulation of cold hardiness in 
Acer negundo. Plant Physiol 43:%13 

Ismail MA, Grierson W (1977) Seasonal susceptibility of grape- 
fruit to chilling injury as modified by certain growth reg- 
ulators. HortScience 12:118-120 

James R J, Mansfield TA (1970) Suppression of stomatal opening 
in leaves treated with abscisic acid. J Exp Bot 21:714-719 

Kawada K, Wheaton TA, Purvis AC, Grierson W (1979) Levels 
of growth regulators and reducing sugars of 'Marsh" 
grapefruit peel as related to seasonal resistance to chilling 
injury. HortScience 14:446 

King AI, Reid MS, Patternson BD (1982) Diurnal changes in the 
chilling sensitivity of seedlings. Plant Physiol 70:211-218 

Lipton WJ, Aharoni Y (1979) Chilling injury and ripening of 
"Honey Dew' muskmelons stored at 25 ~ or 5 ~ after ethyl- 
ene treatment at 20"C. J Am Soc Hortic Sci 104:327-330 

Markhart AH III (1986) Chilling injury: A review of possible 
causes. HortScience 21:1329-1333 

Mittleheuser CJ, van Steveninck RFM (1969) Stomatal closure 
and inhibition of transpiration induced by (RS) ~ abscisic 
acid. Nature 221:281-282 

Powell LE, Maybee C (1985) Hormone analysis employing 
'BAKER'- I0  SPE disposable columns. Plant Physiol 
77(suppl):75. 

Reid DM, Pharis RP, Roberts DWA (1974) Effects of four tem- 
perature regimes on the gibberellin content of winter 
wheat cv. Kharkov. Physiol Plant 30:53-57 

Rikin A, Atsmon D, Gitter C (1979) Chilling injury in cotton 
(Gossypium hirsutum L): Prevention by abscisic acid. 
Plant Cell Physiol 20:1537-1546 

Rikin A, Atsmon D, Gitler C (1980) Chilling injury in cotton 
(Gossypium hirsutum L): Effects of antimicrotubular 
drugs. Plant Cell Physiol 21:829--837 

Rikin A, Atsmon D, Gitler C (1983) Quantitation of chill-induced 
release of a tubulin-like factor and its prevention by ab- 
scisic acid in Gossypium hirsutum L. Plant Physiol 
71: 747-748 

Saltveit ME, Morris LL (1990) Overview on chilling injury of 
horticultural crops. In: Wang CY (ed) Chilling injury of 
horticultural crops. CRC Press, Boca Raton, FL, pp 3-15 

Sasson N, Bramlage WJ (1981) Effects of chemical protectants 
against chilling injury of young cucumber seedlings. J Am 
Soc Hortic Sci 106:282-284 

Semeniuk P, Moline HE, Abbott JA (1986) A comparison of the 



Abscisic Acid and Chilling Injury 105 

effects of ABA and an antitranspirant on chilling injury of 
coleus, cucumbers, and dieffenbachia. J Am Soc Hortic 
Sci 111:866-868 

Tajima K, Shimizu N (1977) Effect of membrane stabilizers and 
polyhydric alcohols on chilling injury of sorghum seed- 
lings. Jpn J Crop Sci 46:335-342 

Tseng M J, Li PH (1984) Mefluidide protection of severely chilled 
crop plants. Plant Physiol 75:24%250 

Tseng M J, Zhang CL, Li PH (1986) Quantitative measurement of 
mefluidide protection of chilled corn plants. J Am Soc 
Hortic Sci 111:409--412 

Waldman M, Rikin A, Dovrat A, Richmond AE (1975) Hormonal 

regulation of morphogenesis and cold-resistance. J Exp 
Bot 26:853-859 

Wang SY, Sun T, Ji ZL, Faust M (1987) Effect of paclobutrazol 
on water stress-induced abscisic acid in apple seedling 
leaves. Plant Physiol 84:1051-1054 

Wright STC, Hiron RWP (1969) (+)-Abscisic acid, the growth 
inhibitor induced in detached wheat leaves following a 
period of wilting. Nature 224:71%720 

Zhang CL, Li PH, Brenner ML (1986) Relationship between 
mefluidide treatment and abscisic acid metabolism in 
chilled corn leaves. Plant Physiol 81:69%701 


