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Abstract: Excised shoot tips of sweet potato (Ipomoea babatas L.) were incubated in H2O2 or NaCl aqueous solution for 

24h or 48h prior to a 3-day chilling at 2.5°C. Severity of chilling injury was visually observed during a post-chilling 7-day 

recovery at 21°C, and scored at 0 to 5 (none to most severe injury). In the first experiment, when cv. Purple (PUR) sweet 

potato shoots were subjected to 3-day chilling at 2.5°C, a 48h pre-treatment of 150 mM H2O2 under 16h photoperiod re-

duced chilling injury, but H2O2 showed no effect under 8h photoperiod. An increase of Oxygen Radical Absorbance Ca-

pacity (ORAC) occurred two days after recovery at room temperature, and such increase in ORAC was negatively corre-

lated with the severity of chilling injury symptoms observed after seven days at room temperature, indicating the possible 

protective nature of antioxidants. Because H2O2-reduced chilling injury occurred only on those pre-treated with 16h pho-

toperiod, 16h was employed in subsequent NaCl experiments. In the second experiment, 4 cvs were used: Ace of Spades 

(ACE), B18, Purple (PUR), and Toka Toka Gold (TTG). Each cv formed a 3 x 2 factorial experiment: NaCl (0 mM, 200 

mM or 400 mM) and incubation duration (24h or 48h). The effects of NaCl depended on cultivar (cv). NaCl at 200mM 

reduced chilling injury more for ACE than B18 and PUR, but NaCl increased the injury of TTG. The NaCl effects also 

depended on incubation duration (24h or 48h). Across 4 cvs the most beneficial NaCl treatment was 200 mM NaCl for 

24h. In view of these results, both pre-treatments of H2O2 and NaCl reduced chilling injury of sweet potato shoots, sug-

gesting that moderate stress imposed as a pre-treatment increased plant tolerance to subsequent chilling under specific 

conditions.  
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INTRODUCTION  

 Crop plants are subject to various stresses throughout 
their life cycles. A wide range of abiotic and biotic stresses 
can result in generation of reactive oxygen species including 
H2O2 [1]. Excessive levels of H2O2 may lead to cell death, 
but plants possess a host of antioxidant mechanisms, both 
enzymatic and non-enzymatic, by which H2O2 is removed 
from the cells. Hydrogen peroxide (H2O2) is one of the key 
signaling compounds that play a role in sensing environ-
mental stress and triggering biochemical and physiological 
responses to such stimuli [2]. Within a certain range, low 
concentration of H2O2 leads to adaptation of crop plants to 
subsequent stresses. If endogenous H2O2 leads to stress tol-
erance, then it may be possible to use exogenous H2O2 to 
acclimatize crop plants for various stresses [3].  

 Among environmental stresses, temperature and salt may 
be considered the most common in view of climate change 
[3]. Chilling injury commonly occurs in plants indigenous to 
tropical and subtropical climates when exposed to tempera-
tures below 12°C for a duration exceeding a critical period of 
time [4]. Heat shock either before or after chilling can reduce  
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subsequent injury, and heat shock significantly increased 
1,1-diphenyl-2-picrylhydrazyl(DPPH)-radical scavenging ac- 
tivity [5]. Such an increase in antioxidant activity appears to 
be correlated with heat shock-induced chilling tolerance in 
rice seedlings. These findings provide evidence that one 
stress (e.g. heat shock) can increase the tolerance to another 
(e.g. chilling). It is likely that such a stress results in produc-
tion of H2O2, which in turn activates a mitogen-activated 
protein kinase (MAPK) cascade that mediates tolerance to 
various stresses [1]. Our preliminary data and results of oth-
ers indicated that pre-treatment with exogenous H2O2 was 
able to alleviate subsequent chilling injury under certain 
conditions [6-9]. Salt stress induced accumulation of en-
dogenous H2O2, similar to chilling [10]. 

 Sweet potato is a major food root crop [11]. Recently 
sweet potato leaves have received attention as a food because 
of their high polyphenolic content [12]. Chilling injury has 
been mostly studied on sweet potato roots [13], but rarely on 
leaves or shoots. We used sweet potato shoots as a model 
system for studying chilling injury, because they are easily 
propagated vegetatively, grow fast in the greenhouse and 
provide a good source of material for frequent experiments. 
Our study was designed to evaluate the beneficial effects of 
H2O2 and NaCl on chilling tolerance of sweet potato shoots 
and to explore the potential role of antioxidants in H2O2-
related chilling tolerance. 
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MATERIALS AND METHODS 

Plant Materials 

 Four cultivars of sweet potato (Ipomoea babats L.) plants 
were used in this study: Ace of Spades (ACE), B18, Purple 
(PUR) and Toka Toka Gold (TTG). Plants were propagated 
by rooting shoot tip cuttings, and then grown as stock plants 
in 30 cm (diameter) hanging baskets in the greenhouse under 
natural light. During the low light period of October to 
March, natural light of less than 12h 15 min was supple-
mented with high pressure sodium lighting (0600-2200). Air 
temperature was set to maintain a range of 22 - 26°C. Uni-
form shoot tips were excised from stock plants and immedi-
ately used as experimental material. There were two experi-
ments: one with H2O2 and the other with NaCl treatments. 

H2O2 Experiment 

 Terminal shoots, 15-20 cm long, with one to three fully 
expanded leaves were selected for uniformity and excised 
from stock plants of cv. PUR. On the initial day of experi-
ment (day 0), 48 shoots were excised, with the cut surface 
submerged in and incubated with de-ionized water in 50 ml 
test tubes. Half the population was placed in a growth cham-
ber with air temperature set at 21°C and 8h photoperiod 
(0800-1600 at 83 μE/m

2
/sec), and the other half in another 

growth chamber with 21°C and 16h photoperiod (0800-1600 
at 83 μE/m

2
/sec, 1601-2400 at 10 μE/m

2
/sec). After two days 

in the photoperiodic conditionings (day 2), half of the popu-
lation was incubated in 150 mM H2O2 and the other half re-
mained in de-ionized water (control). The experiment of 4 
treatments was arranged as a factorial of 2 photoperiods with 
and without H2O2 treatment. After two days in H2O2 (day 4), 
all shoots were incubated in de-ionized water and were 
placed in a cooler at 2.5°C for 3 days with no light. After 
three days in cooler (day 7), all plants were moved to the 
third growth chamber for recovery at 21°C and 12h photope-
riod (0600-1800 at 90 μE/m

2
/sec). After seven days at 21°C 

(day 14), the experiment ended. Injury of each shoot was 
visually observed and recorded on days 4, 7, 9 and 14 of the 
experiment, with 10, 8, 6 and 4 shoots available per treat-
ment respectively. The reduction in available shoots resulted 
from destructive sampling for ORAC measurement (below). 
The severity of injury, either caused by H2O2 or chilling, was 
visually observed and scored with a score of 0 to 5. Shoots 
of injury index 0 had no injury; index 1 had only the first 
signs of injury, including leaf wilting or discolouration at the 
edge of at least one leaf; index 2 had more severe injury, 
wilting and chlorosis in a single area or less injury spread to 
2 leaves; index 3 had moderate injury of 2 leaves; index 4 
had 3 leaves or with severe symptoms; and index 5 had se-
vere injury or death of the whole shoot.  

Oxygen Radical Absorbance Capacity (ORAC) Meas-

urement 

 On days 0, 2, 4, 7 and 9, two shoots per treatment were 
removed from the H2O2 experiment for ORAC measurement 
based on the method of Cao [14] with some modifications. 
Samples were run on a Varian (Palo Alto, CA, USA) Cary 
Eclipse fluorescence spectrophotometer with a Peltier-
thermostated multicell holder and temperature controller. 
Fluorescein (Sigma-Aldrich, Oakville, ON, Canada) was 
used as the fluorescent reagent, with AAPH (2,2 -Azobis (2-

amidinopropane) dihydrochloride, Wako Chemicals, Rich-
mond, VA, USA) as the free radical generator and Trolox (6-
Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid, 
Sigma-Aldrich, Oakville, ON, Canada) as the standard, in 
final concentrations of 0.630 μM, 6 mM, and 1 μM, respec-
tively. Finely chopped leaf samples were accurately weighed 
into centrifuge tubes and homogenized with pH 7.0 phos-
phate buffer for 1 min. The tubes were then centrifuged at 
20,000 x g and 4°C for 20 min. Extracted samples (20 μl) 
were used for the ORAC assay. Results were expressed as 

mol Trolox Equivalent (TE) per gram of fresh sample. 
Once two leaves of a shoot were sampled for ORAC assay, 
these shoots were no longer available for evaluation of injury 
index.  

NaCl Experiments 

 The procedures for NaCl experiments were similar to the 
H2O2 experiment (above). Twenty four (24) terminal shoots 
15-20 cm long with one to three fully expanded leaves were 
selected for uniformity and excised from greenhouse grown 
stock plants of each of 4 cvs: ACE, B18, PUR and TTG. On 
the initial day of experiment (day 0) the cut surface of each 
shoot was submerged in and incubated with de-ionized water 
in 50 ml test tubes that were immediately placed in a growth 
chamber with air temperature set at 21°C and 16h photope-
riod (0800-1600 at 83 μE/m

2
/sec, 1601-2400 at 10 μE/m

2
/ 

sec) until all shoots recovered from wilting. They were sepa-
rated into three incubation treatments: (1) 200 mM NaCl for 
24h or 48h, (2) 400 mM NaCl for 24h or 48h, and (3) de-
ionized water. After one day in growth chamber (day 1), 4 
shoots of each of 200mM or 400 mM NaCl treatment were 
transferred into de-ionized water (24h duration). After two 
days in growth chamber (day 2), another 4 shoots of each of 
200 mM or 400 mM NaCl treatment were transferred into 
de-ionized water (48h duration). This arrangement consti-
tuted a factorial experiment of three NaCl (0 mM, 200 mM, 
or 400 mM NaCl) treatments for two incubation lengths (24h 
or 48h), each having 4 shoots. All shoots were then placed in 
a cooler at 2.5°C for 3 days with no light (day 2 – day 5). 
After three days at 2.5°C (day 5), all plants were moved into 
a growth chamber set at 21°C and 12h photoperiod (0600-
1800 at 90 μE/m

2
/sec) to recover. After seven days of recov-

ery (day 12), the experiments ended. Injury of each shoot 
was visually evaluated and index recorded on 4 occasions: 
days 2, 5, 7 and 12. The injury index of 0 to 5 was used to 
record each shoot as in the H2O2 experiment. No ORAC 
measurements were made in the NaCl experiments. 

Statistical Treatment 

 Each shoot was treated as an experimental unit. Analysis 
of variance was carried out with Proc GLM of SAS package 
(SAS version 9.1.3, SAS Institute, Cary, NC, USA). The 
average value of ORAC was correlated with the average 
value of injury index in each treatment in the H2O2 experi-
ment. 

RESULTS AND DISCUSSION  

H2O2 Experiment 

 Temporary wilting was observed with 150 mM H2O2 
incubation, but all shoots recovered from wilting before 
chilling treatment began (day 4). No other toxic effect of 
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H2O2 was observed on non-chilled shoots, similar to our pre-
vious data [9]. Upon immediate removal from 3-day chilling 
(day 7), H2O2 reduced the severity of chilling injury from 4.6 
to 3.1 (n=16, P < 0.0001). Two days after removal from 
cooler into 12h photoperiod growth chamber for recovery 
(day 9), 150 mM H2O2 reduced chilling index from 4.3 to 3.2 
(n=12, P = 0.0002) and 16h photoperiod also reduced the 
index from 4.3 to 3.3 (n=12, P = 0.0008). After one week in 
recovery (day 14), chilling injury was reduced by a combina-
tion of 150 mM H2O2 and 16h photoperiod (Table 1). The 
observed beneficial effects of 150 mM H2O2 on chilling tol-
erance of sweet potato shoots are similar to those previously 
observed in seedlings of corn [15], mungbean [6, 8] and to-
mato [7]. In many of our previous experiments, the effect of 
H2O2 varied from one experiment to the next [9]. The inter-
action between H2O2 and photoperiod in affecting chilling 
tolerance is evident in this study (Table 1). The observed 
interaction between H2O2 and photoperiod may have been 
one of the main causes for inconsistent results in our pre-
liminary experiments (unpublished data), where the excised 
leaves or shoots displayed various degrees of H2O2 benefi-
cial effect. This may have been due to the fact that those 
shoots were taken directly from the stock plants grown in the 
greenhouse under natural daylight and used immediately in 
chilling treatments without any pre-conditioning at a specific 
photoperiod. This shows that the state of the plant materials 
may vary substantially as a result of fluctuating greenhouse 
conditions, especially in respect to varying photoperiods and 
levels of irradiation in studies on chilling effects. In this 
study, the importance of 16h photoperiod during H2O2 incu-
bation prior to chilling treatment was identified, although the 
mechanisms of photoperiod and light intensity effects in 
chilling tolerance remain unknown. It was observed in an-
other study that 24h lighting prior to chilling enhanced toler-
ance. Continuous illumination induced minimal chilling 
damage to maize seedlings, and dark-grown ones suffered 
the maximum damage [16]. It was further observed that 2h 
or 4h interruption each day during 3-day darkness reduced 
the injury to the level of 24h-illumination, demonstrating the 
effect of long photoperiod (i.e. dark interruption). These ob-
servations were opposite to another study where a short pho-
toperiod induced cold tolerance [17]. As to light intensity, it 
was likely that low light intensity in the growth chamber 
where H2O2 pre-treatment was administered decreased chill-
ing injury as observed in Coleus blumei Benth [18]. In our 
study, however, the PAR (light intensity) is almost equal 
between 8h and 16h growth chambers. Therefore, the inter-
action between 16h and H2O2 is most likely due to 16h pho-
toperiod rather than due to light intensity (i.e. PAR). Our 
study illustrates the importance of selecting a specific light-
ing condition (i.e. photoperiod and PAR) for effective 
evaluation of chilling injury.  

ORAC Measurements 

 In H2O2 experiment, there was no effect of H2O2, photop-
eriod or their interaction on ORAC measured on days 0, 2, 4, 
and 7 (data not shown). Nevertheless, the high level of 
ORAC measured on day 9 (2 days in recovery) coincided 
with low injury index observed on day 14 (7 days in recov-
ery; Table 1). This study also confirms our preliminary re-
sults that high level of ORAC is not always obviously related 
to low degree of visible injury symptoms. Although the dif-

ference between treatments was not statistically significant, 
the high ORAC on day 9 was negatively related to low chill-
ing injury index observed on day 14 (Table 1). The lag be-
tween the change in ORAC and visual injury symptoms, 
which is not easily identified, could obscure direct correla-
tions. Our results were similar to the results of others in that 
the increase of antioxidant activity occurred after the transfer 
to room temperature for 3 days of non-cured sweet potato 
roots stored at 5°C for 2 or 4 weeks [19]. Our correlation of 
ORAC values at one date with injury indexes at another date 
during a 3-day chilling followed by a 7-day recovery is one 
of several possible comparisons. It has been recognized that 
high levels of antioxidants correspond with high chilling 
tolerance of cucumber seedlings [20]. The high level of 
ORAC on day 9 which occurred before the expression of 
chilling injury on day 14 (Table 1) indicates the possible 
protective nature of ORAC activity, although such causal 
link was questioned according to the results for zucchini 
squash [21]. This study illustrates ORAC may be an early 
indicator for visible symptoms of chilling injury. However, 
the timing of ORAC measurement may require further inves-
tigation.  
 

Table 1. Injury Index and Oxygen Radical Absorbance  

Capacity (ORAC) Measures of Chilled Sweet Potato 

Shoots cv. Purple After 7 and 3 Days in Recovery, 

Respectively, Following 3-Day Pre-Treatment and 3-

Day Chilling. Injury Index (n=4) and ORAC (n=2) 

Treatment Injury Index ORAC 

 8h-0mM 4.8 54.8 

 8h-150mM 4.8 34.5 

16h-0mM 4.5 52.2 

16h-150mM 3.0 64.5 

GLM Pr > F Pr > F 

Photoperiod 0.0068 0.1030 

H2O2 0.0306 0.5743 

P x H 0.0306 0.0671 

SE 0.31 6.54 

 

NaCl Experiment 

 Preliminary experiments showed that mild wilting was 
caused by NaCl, but most shoots recovered to some degree 
before chilling treatment was started. Only chilled shoots 
were included in this experiment due to the limitation of 
growth chamber space. After seven days in recovery (day 
12), a difference in injury index caused by 3-day exposure to 
2.5°C was observed (P < 0.0001). From the H2O2 experi-
ment, the chilling tolerance was most effectively observed 
when sweet potato shoots were pre-conditioned under16h-
photoperiod in the growth chamber. Therefore, the NaCl 
treatments were also conducted under16h photoperiod. Both 
H2O2 and NaCl experiments showed that chilling tolerance 



4    The Open Horticulture Journal, 2009, Volume 2 Lin and Block 

could be effectively observed when sweet potato shoots were 
pre-conditioned with a 16h photoperiod.  

 There were two interactions in the NaCl pre-treatment 
experiment; NaCl x cultivar (P < 0.0001) and NaCl x treat-
ment duration (P = 0.0059). For the NaCl x cultivar interac-
tion, 200 mM NaCl reduced chilling injury more in ACE 
than in B18 and PUR, but NaCl increased the injury in TTG 
(Table 2). Among the two chilling sensitive cvs (ACE and 
B18), it was unexpected that the lowest injury index of 3.9 
was observed with ACE treated with 200mM NaCl for 24h. 
When ACE was not treated, the injury index was very high 
in preliminary experiments and shoots often failed to survive 
3-day chilling at 2.5°C, having an injury index close to 5.0 
(Lin, unpublished data). Cultivar B18 was observed to have 
an index of 4.8 in control, and 4.1 when treated with 200 
mM NaCl. For the two tolerant cvs (PUR and TTG), PUR 
had the lowest injury index of 2.6 with 200 mM NaCl for 
24h (compared to the control of 3.3) whereas, NaCl had a 
detrimental effect on TTG on day 12. Control treatment on 
TTG had an injury index of 3.3, while NaCl pre-treatment 
indexes were 3.8 or 4.3. This indicates that the tolerant cv. 
TTG did not need NaCl pre-treatment to tolerate chilling 
stress or it was sensitive to NaCl stress. For the NaCl x dura-
tion interaction the most beneficial treatment was 200 mM 
NaCl incubation for 24h, and the second lowest injury was 
observed with a pre-treatment of 200mM NaCl for 48h for 
all 4 cvs (Table 3). It should be noted that to maintain com-
parable time for the injury measurement, the 24h incubation 
was followed by another 24h in de-ionized water prior to 
chilling stress while 48h incubation was ended immediately 
before entering the chilling treatment. Whether the 24h gap 
with de-ionized water made any difference as compared to 
48h incubation ending immediately before entering the 2.5°C 
cooler could not be determined by this experimental design. 
It has been recognized that salt stress is associated with oxi-
dative stress and increased H2O2 level in plant tissue [10]. It 
is reasonable to assume that NaCl incubation also caused 
generation of H2O2 in vivo and resulted in a similar reduction 
in chilling injury as exogenous H2O2 pre-treatment did. 

SUMMARY 

 This study illustrated that a pre-treatment of H2O2 under 
16h photoperiod increased the tolerance of sweet potato 
shoots to a subsequent chilling stress. It is likely that exoge-
nous H2O2 serves as a signal and activates physiological 
changes leading to chilling tolerance. The same reasoning 
can be applied to NaCl-induced chilling tolerance. Applica-
tion of NaCl acts as a stress stimulus and produces endoge-
nous active oxygen species, including H2O2, which in turn 
activates a mechanism similar to exogenous application of 
H2O2. All data show that a moderate stress can increase the 
tolerance to subsequent stress in a cross-talk mechanism 
[10]. Further studies are necessary to define a specific set of 
environmental conditions under which a range of concentra-
tions of exogenous H2O2 or NaCl can be effectively used as 
protective agents against chilling stress. Both H2O2 and NaCl 
are non-toxic, natural compounds, and in low concentrations 
they are suitable for agricultural uses yet are not a severe 
environmental concern. Our results illustrate that moderate 
stress (H2O2 and NaCl) during production could reduce post-
harvest loss due to chilling injury. The common use of heat 
shock during post-harvest requires extra equipment whereas 

H2O 2 and NaCl only require low cost chemical treatment to 
reduce chilling injury. In addition to reducing chilling injury, 
pre-treatments of H2O2 or NaCl may also influence crop 
quality (i.e. high vitamin C) for human health benefits [22]. 
 

Table 2. Injury Index of 3-Day Chilled Sweet Potato Shoots 

Affected by an Interaction of NaCl Pre-Treatment 

and Cultivars (n=8, Pr < 0.0001, SE=0.26). Index 

was Measured After 7-Day Recovery at Room Tem-

perature 

NaCl Ace of Spades B18 Purple Toka Toka Gold 

0mM 5.0 4.8 3.4 3.3 

200mM 3.9 4.1 2.6 3.8 

400mM 5.0 4.9 4.3 4.3 

 

Table 3. Injury Index of 3-Day Chilled Sweet Potato Shoots 

was Reduced by an Interaction of NaCl Pre-

Treatment and Length of Incubation (n=16, 

Pr=0.0059, SE=0.11). Index was Measured After 7-

Day Recovery at Room Temperature 

NaCl 24h - Incubation 48h - Incubation 

0mM 5.0 5.0 

200mM 3.3 4.5 

400mM 5.0 4.9 
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